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     ABSTRACT 
Background and objectives 
Awareness during anaesthesia is one the major problems concerning the 
anaesthetist. The incidence of awareness during cardiac surgeries done 
under bypass was high. Bispectral index monitoring was one of the latest 
and most efficient tool in monitoring the depth of anaesthesia. This study 
was designed to know the  efficiency of anaesthetic method used for 
anaesthetizing the patients for cardiac surgeries and to find the variations in 
BIS at different steps of the surgery. 
Methods  
61 patients who were supposed to undergo elective cardiac surgery under 
CPB were selected. The BIS value, heart rate, MAP, SpO2, temperature at 
baseline, post-induction, skin incision , sternotomy, aortic cannulation, nadir 
temperature,every 30 mins in CPB, rewarming, immediate post-CPB, sternal 
wiring, skin closure  and spontaneous movement were recorded. The 
variation of BIS in relation to temperature were studied. Any recall of 
intraoperative events were assessed using modified BRICE questionnaire.  
Results  
During the study it was found that the BIS values were within acceptable 
limits throughout the surgery. The mean BIS value of 57.03±0.51 was 
recorded at 37oc of rewarming and it was the highest BIS value during the 
CPB period. The mean BIS value of 41.06±0.78 was recorded during the 
hypothermic phase of CPB and this was found to be the lowest BIS value 
during CPB. It was observed that the BIS value changed by 1.48 units with 
every 1oc change in temperature. None of the patients had any incidence of 
recall of intraoperative events when assessed with modified BRICE 
questionnaire.  
Conclusion 
It was concluded from the study that, the anaesthetic technique used to 
anaesthetize the patients for cardiac surgery in our institution was adequate 
in terms of depth of anaesthesia. The highest chance of awareness during 
CPB was during the rewaming time and least chance of awareness was 
during the hypothermic phase. The BIS value decreased with decrease in 
temperature and increased with increase in temperature. For every 10c 
change in temperature the BIS value change was 1.48 units. 
Key words: BIS, hypothermia, cardiac surgeries, CPB, BRICE 
questionnaire. 
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INTRODUCTION 
General anaesthesia is defined as the drug induced reversible condition 
composed of four behavioural and physiologic states i.e. unconsciousness, 
amnesia, analgesia, immobility and stability of the physiological systems 
including the autonomic, cardiovascular, respiratory and thermoregulatory 
systems1,2. It is actually easy to measure the physiological states of the 
patients under general anaesthesia. We have the electrocardiogram, central 
venous line,  arterial blood pressure cuff and an arterial catheter to monitor 
the CVS. The thermometer measures the temperature and the capnography 
measures the expiratory CO2 and respiration. Pulseoximeter measures the 
oxygen saturation and train of four is used to estimate the muscle relaxation. 
But, it was always difficult to measure the behavioural parameters like the 
unconsciousness, amnesia and analgesia. Monitoring of anaesthesia became 
a challenge for the anaesthetist as the patient who were aware during the 
surgery had to bear with the consequences after the surgery, for some, a 
short time and for few, a longer time. It was found that the patients under 
going cardiac surgeries were at higher risk for awareness during the surgery. 
Monitoring the level of anaesthesia was a tough task for the 
anaesthesiologists. All the anaesthesiologists were using different methods 
for monitoring depth of anaesthesia and every methods had its own 
sensitivity and specificity. The monitoring should start from, before the 
induction. The clinical signs for measuring the depth of anaesthesia were 
used as the first method and is being used now also. One of the methods was 
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to ask the patient to follow the finger of the anaesthesiologist with their eyes 
when the induction starts. As the patient start becoming unconscious the 
lateral movement of the eyeball decreases, appearance of nystagmus, 
increased blinking and the eyeball fixes in the centre. The occulocephalic 
reflex is assessed by turning the head of the patient from right to left and 
back. When the reflex is intact the eyes move in the opposite direction of 
motion and when the reflex is lost the eyes fix at the centre. The 
occulocephalic reflex is mainly made possible by the cranial nerves III, IV 
and VI. The centres of III, IV cranial nerves are in the midbrain and the 
centre for  VI cranial nerve is located in the pons. The corneal reflex which 
is assessed by using a cotton tip to stimulate the cornea at the corner of the 
eye. When the reflex is intact there will be blinking of both the eyes. The 
afferent component is the Vth cranial nerve and the efferent is the VIIth 
cranial nerve. The centres of both the above reflexes lie close to the arousal 
centres in the midbrain, pons, hypothalamus and basal forebrain3. Hence 
when these centre are affected it gives a higher probability that the arousal 
centre is also affected2-4. The apnea which occurs during induction is 
attributed to the respiratory centres i.e. the dorsal and ventral centres in the 
medulla and pons respectively. Atonia which occurs during the induction is 
also a clinical sign which is to be monitored for the depth of anaesthesia 
during induction. It happens mainly because of the action of the anaesthetics 
on the pontine and medullary reticular nuclei in the brainstem which acts as 
the pathway for transmission of the motor impulses from the primary motor 
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areas to the spinal cord and these are also situated in close proximity to the 
arousal centres. 
Awareness during the surgery has become a major concern for the 
anaesthesiologist. Awareness is defined as the ability of a subject to 
experience the internal or external stimuli and thereby to know his/her 
existence in space and time at any given moment5. The awareness 
intraoperatively or any recall afterwards. The occurrence of the implicit and 
explicit during general anaesthesia is unanticipated, undesired patient 
awakening memory of the events during the surgery reveals the degree of 
consciousness. Explicit memory also called the declarative memory refers to 
that memory which can be consciously recalled, it can be divided into 
episodic and semantic memory. Episodic memories, which stores personal 
experiences and semantic memories, which stores factual information. 
Implicit memory also known as the procedural memory or unconscious 
memory refers to the memory which is acquired through practice such as 
tying shoelace, driving car. Implicit memory is the reason for behavioural 
changes in response to pain from a previous experience but will not be able 
to have a conscious recollection of the experience. Explicit memory is the 
reason for the conscious recollection of the surgical events or experience. 
The modified Brice questionnaire6 is a method to elicit explicit memory 
intraoperatively, it has questions aimed to know the incidence of awareness 
during certain events of the surgery which is used in this study. The implicit 
memory elicitation would require psychological testing. The incidence of 
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awareness has been highly publicized by the radio, television, newspapers, 
magazines which raised high concern about awareness during surgery in 
patients. 
 
“Awake” was a movie released in November 30, 2007 which was written 
and directed by Joby Harold. It was a movie based on the anaesthetic 
awareness during the cardiac surgery. It stars Terrence Howard, Lena Olin, 
Jessica Alba and Hayden Christensen. This movie led to arousal of doubts in 
the minds of the general population about awareness during the surgery and 
its effects afterwards.  
 
Intra-operative awareness is a major medicolegal liability to anaesthetists & 
it is our prime responsibility to diagnose and avoid it at all costs  !!!! 
This major risk factors for awareness during anaesthesia were analysed as 
the incidence were  on an increase and they were able to point out few of the 
major risk factors responsible for light anaesthesia which resulted in 
awareness intraoperatively. The main risk factors are as listed below7. 
 
1) Potential risk factors: 
a) History of awareness. 
b) Absence of volatile agent or propofol during 
maintenance of anesthesia: 
i) Alternative anesthetic regimen. 
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ii) Difficult and prolonged intubation. 
c) Certain surgical procedures: 
i) Cardiac surgery. 
ii) Caesarean section. 
iii) Trauma surgery. 
(2) Cause of awareness: 
a) Light anesthesia: 
i) Limited cardiac reserve. 
ii) Concern about fetal well being. 
iii) Severe hemodynamic instability. 
b) Increased anesthetic requirement: 
i) Drug resistance. 
ii) Substance abuse. 
c) Failure of drug delivery systems: 
i) Machine or equipment malfunction. 
ii) Misuse of machine 
The major after effects of the awareness is that it affects the patient from a 
lot of psychological disorders mainly PTSD (post traumatic stress disorder). 
It is a mental disorder that develops due to the exposure of the person to a 
traumatic event. It is usually characterized by decreased sleep or increased 
arousals, negative dreams related to the events, mental or physical distress 
related to trauma cues. The symptoms are supposed to last more than a 
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month after the event. These patients are at a higher risk of committing 
suicide. They require psychological counselling and treatment. 
 
The incidence of awareness during general anaesthesia is underestimated 
because conscious recall is often the evidence taken. The intraoperative 
incidence of awareness was told to be 0.2% - 1% but it may be a totally a 
different scenario in trauma, LSCS and during cardiac surgeries were the 
incidence of awareness may be as high as 40%. The awareness incidence 
during cardiac surgeries were reported to vary from 1.14%8 to 1.5%9. 
Historically rates as high as 23% has been reported in cardiac surgeries10. 
The higher incidence  of anaesthetic awareness during cardiac surgeries 
have been attributed to several reasons. The alteration of the 
Pharmacokinetic and Pharmacodynamic properties of the drugs by the CPB 
has been a major cause. The hemodilution, hypotension, hypothermia and 
non pulsatile blood flow created by the CPB alters the normal physiology of 
drug absorption, distribution, metabolism and elimination11. On top of that 
the tubing and the oxygenator binds a larger proportion of the drugs13,14. The 
decreased desirability of the usage of the volatile anaesthetics and the 
induction agents in order to attain a lesser cardiac depressant action along 
with the above told reasons, result in the increased incidence of 
consciousness during the CPB. 
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One of the major difference in cardiac surgeries under CPB is the institution 
of hypothermia for reducing the metabolic rate. This is accompanied by 
decreased level of consciousness also. Hence it can be attributed that the 
higher risk of awareness can occur during the warm phase15. Awareness 
mainly occurs during the rewarming phase rather than the initial CPB phase 
as it is shorter than the rewarming phase. The brain and the core of the body 
warm much faster than the body shell, hence the brain normothermia is 
achieved earlier and this along with the decreased anaesthetic concentrations 
may result in decreased depth of anaesthesia and thereby higher potential for 
awareness. Hypothermia has been used predominantly in cardiac surgeries 
done under CPB. Hypothermia reduces energy requirement required for both 
the intrinsic cerebral activities i.e. for the maintenance of the brain 
metabolism and for the conduction of impulses in the brain. Hypothermia 
gives the best neuro protection. The protective effects of hypothermia are 
due to the favourable balance between oxygen supply and demand, 
decreased exitotoxic neurotransmitter release, decreased permeability of the 
blood brain barrier and decreased inflammatory response. Hypothermia can 
cause increased viscosity of the blood, thereby leading to decreased 
perfusion of the micro arteries and there by hypoperfusion of the organs and 
it can also lead to micro and macro embolization, it also affects the 
coagulation function adversely. The major adverse effect of  hypothermia 
are due to the rewarming after hypothermia. The temperature should not be 
allowed to increase more than 36.5oC to 37oC. Hence it is always better to 
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start rewarming early and gradually in order to prevent cerebral overheating. 
Normothermic CPB is now in practice and has better effects on coagulation 
function and myocardial protection. But normothermia has higher incidence 
of awareness during surgery. 
 
 Method of assessing depth of anaesthesia are; 
A. Subjective methods 
1. Autonomic response 
• Hemodynamic change 
• Sweating 
• Pupillary dilatation 
2. Isolated forearm technique 
B. Objective methods 
1. Spontaneous surface electromyogram (SEMG) 
2. Lower oesophageal contractility (LOC) 
3. Heart rate variability (HRV) 
4. Electroencephalogram and derived indices 
• Spectral edge frequency 
• Median frequency 
• Bispectral index 
5. Evoked potentials 
• Auditory evoked potentials 
• Visual evoked potentials 
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• Somatosensory evoked potentials 
• Auditory evoked potential index. 
The bispectral index (BIS), a valuable variable derived from the frontal EEG 
is a very useful and best adjunct for monitoring depth of anaesthesia. It is a 
dimensionless number from 0 – 100, when the value is decreased it indicates 
more unconsciousness or sedation. The optimum value is to keep between 
40 -60. The value less than 60 is told to predict the absence of consciousness 
correctly but it may vary from patient to patient16,17,18. Thus, BIS appears to 
be a useful monitor to measure the level of consciousness and thereby 
measure the effect of the anaesthetic drugs used, it therefore helps in 
reducing the incidence of awareness during the surgery19,20,21. 
 
In this study I would like to monitor the incidence of awareness or rather the 
adequacy of anaesthesia during different steps in the cardiac surgeries done 
under CPB and thereby analyse whether the protocol we are following in our 
institution for anaesthetizing a patient is adequate for preventing awareness 
and also assess the explicit memory postoperatively, using the modified 
BRICE questionnaire. 
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AIMS AND OBJECTIVES:  
       1. To monitor the awareness (depth of anaesthesia) during surgery with 
the help    
             of BIS monitoring. 
       2. To find the adequacy of anaesthetic drugs during open heart 
surgeries. 
       3. To find out incidence of awareness during surgery using modified 
Brice        
          questionnaire, postoperatively. 
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MATERIALS AND METHODS: 
  a) Study design: Non-Randomised descriptive study. 
  b) Study setting (Exact place where study is conducted):Patients 
undergoing cardiac surgery under cardiopulmonary bypass in Heart 
Institute, Sree Mookambika Institute of Medical Sciences, Kulasekharam. 
  c) Approximate total duration of the study: 1 year 
  d) Number of groups to be studied: 1 
  e) Detailed description of the groups: Patients undergoing cardiac 
surgeries(Coronary Artery Bypass Surgery, Valve replacement surgeries) 
under cardiopulmonary bypass at Heart Institute, Sree Mookambika Institute 
of Medical Sciences, Kulasekharam, Kanyakumari District, Tamil Nadu, 
India. 
  f) Sample group size of each: NA 
  g) Total sample size of study group: 61  
  h) Scientific basis of sample size used in the study19:4pq/d2 where p= 
prevalence  q=100-P , d=20% of p    ,where p=62  
 q=38  d=20× 62/100 
   by substituting these values n=61 
  i) Sampling technique used in the study: Convenient sampling. 
  j) Inclusion criteria:  
1.Age group between 20 to 70 years of  both gender . 
2. Patient undergoing valve replacements and coronary artery bypass graft 
under 
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cardiopulmonary bypass. 
  k) Exclusion criteria: 
1. Previous cardiac surgery, 
2. Preoperative neurological disease, 
3. Ejection fraction of less than 35%. 
4. Known allergy to any one of the drugs used . 
5. Severe renal and hepatic impairment.  
6. Patient who has not given consent.   
7. Patient with heart rate less than 45/min  
8. Patient  known case of  psychiatric illness and on psychiatric medication. 
 l) Whether placebo is used in study(Yes/No): No 
m) Whether drugs / medical devices used in the study(Yes/No): No           
n) Parameters to be studied [If quantitative data mention the units of 
measurement:  
1.BIS value, heart rate, MAP, SpO2 and temperature at baseline, 
postinduction , skin incision , sternotomy , aortic cannulation , nadir 
temperature ,every 30 mins in CPB, rewarming , immediate post-CPB , 
sternal wires , skin closure  and spontaneous movement . 
2. Incidence of awareness by Modified Brice Questionnaire. 
o) Method(s)/Technique(s)/Instrument(s)/Reagent(s)/Kit(s) etc used to 
measure the quantitative  parameters along with their manufacturing source 
details: BIS quatro   monitor, SPACELAB MEDICALS, Inc. USA. 
 p)Procedure in brief(explain if possible with a flowchart): 
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The study was conducted on patients of age group 20-70 years of  both 
genders  with American Society of Anaesthesiology physical status 2, 3 or 4 
undergoing cardiac surgery under cardiopulmonary bypass. 
Pre-anesthetic assessment was done prior to the day of surgery. Tab. 
Lorazepam 2mg and Tab Ranitidine 150mg given night before and in the  
morning two hours prior to time of surgery. All patients were kept nil per 
oral for at least six hours prior to surgery. 
Patients were shifted to the pre-medication room in a trolley. Prior to pre-
medication, routine monitoring modalities like 2Channel 5 lead ECG & 
SpO2 probe were connected.  Special electrodes(BIS quatro monitor , 
spacelab medicals)  were connected to the forehead and the same were 
connected to BIS monitor through its special cable and connectors. Awake 
BIS value was noted and were recorded as the T baseline. 
All patients were premedicated with Inj. Morphine 5mg and Inj.Phenergan 
12.5mg I.M. half an hour before the surgery, unless contraindicated,  in the 
pre medication room and  was supplemented with O2 by mask till being 
shifted to Operating Room. BIS Module was shifted to O.R.   along with the 
patient. Standard sterile precautions will be taken while doing procedures 
wherever necessary. 
ECG & SPO2 monitoring will be continued in the OR and the patient will be 
cannulated with 16G IV cannula (Venflon) in one of the forearm veins. 
Patients will be sedated with Inj.Midazolam  1mg  IV and Inj.Fentanyl 
50mcg. Then under local anaesthesia with 2% Lignocaine and with all 
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sterile precautions, an arterial line will be inserted in femoral artery using 
16G Intranule (Vygon Corporation) and invasive BP monitoring was started.  
Central venous line was established with triple lumen catheter inserted 
through right internal jugular vein using Seldinger technique. Patient   was 
then induced with  injection  Midazolam 0.04 to 0.06 mg/Kg body weight,  
Inj. Fentanyl 4 to 6 mcg/Kg body weight and Inj. Propofol 0.5 to 1mg/Kg 
body weight. Patient was paralysed with Inj. pancuronium  0.1 to 
0.12mg/Kg . Then the patient was mask ventilated with 100% Oxygen and 
trachea intubated after 3-4 minutes when adequate muscle relaxation is 
achieved. BIS value was noted just before and 1 minute after intubation. 
CO2 monitor was connected to endo-tracheal tube. Patient was ventilated 
with 50% O2 and N2O mixture till heparin is given. 100% oxygen will be 
used for ventilation from heparinisation to achieving full flow on CPB. 
Isoflurane may be used in 0.5% - 2% conc. till CPB if necessary. Inj. 
fentanyl 1.25 to 2 mcg/kg was given IV boluses every hour. 
Inj.Pancuronium 1mg will be repeated hourly throughout the procedure, Inj. 
Propofol 20-30mg IV boluses were given if there is sudden raise in B.P. In 
addition Inj. Nitroglycerine 25mg/50ml may be used at a rate of 2.5 to 80 
mcg/min(0.3 to 10ml/hour) as infusion to control B.P. Inj MgSO4 2-4 gms 
will be given as slow IV infusion after weaning of from CPB and reversal of 
heparin with protamine. Patient will be shifted to ICU and connected to 
mechanical ventilator and all the monitoring will be continued. Muscle 
relaxant will not be reversed with neostigmine and will be allowed for 
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spontaneous recovery.   BIS was continuously monitored and its value will 
be recorded at baseline, post-induction(pre and post intubation) , skin 
incision , sternotomy, aortic cannulation, nadir temperature, every 30 mins 
in CPB, starting of rewarming , rewarming to 37 0 C, immediate post-CPB, 
post  sternal wires , skin closure, receiving at ICU  and spontaneous 
response to call. Post operatively patient will be asked Modified Brice 
Questionnaire to find out awareness during surgery. In each step it should be 
kept in mind that BIS value between 40-60 is the optimum value for 
adequate anaesthesia, but the BIS investigator will not alert/interfere the 
anaesthesiologist in conduct of Anaesthesia. 
 q) Statistical methods of analysis: 
    i. Significance level decided before starting of study: p<0.05 or 95% 
confidence interval 
    ii. Statistical tests to be used for data analysis: descriptive study; t test  z 
test 
    iii. Softwares to be used for statistical analysis: All parameters to be 
entered in Microsoft excel spread sheet and statistically analysed using 
program spss version 16.00 
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BIS MONITOR 
 
BIS monitor is used to measure the depth of anaesthesia, in simple words it 
helps to know how asleep the patient is. This helps the anaesthetist to titrate 
the drugs to the best optimal dosage for each patient. The BIS monitor is a 
compact module to assimilate, process, and display the values, which is the 
complex parameter derived from the EEG.  
It is important to know a little about the EEG before going into BIS. The 
electrical activity of the neurons is mainly composed of the action potentials 
and the postsynaptic potentials (PSP). The synaptic activity makes patches 
of altered membrane potential and ionic current flow between these 
disturbances. PSPs generate within the dendrites of the pyramidal cells in 
the brain cortex , a slowly changing current. In the scalp the extracellular 
component of this current are detected as voltages and this forms the EEG. 
EEG is a random alternating voltage made up of superimposition of sine 
waves on each other. Increased wave amplitude and decreased frequency of 
the waveforms represent the EEG during the general anaesthesia. 
Unfortunately it is very difficult to read the EEG and make a conclusion, 
hence it is important that we rely on EEG derived parameters like BIS. 
 
The first process of the BIS monitor is to eliminate the artefacts. The main 
artifacts in this process are ECG, power line voltage and electromyogram 
(EMG). The amplifier connected to the reference electrode the ‘R’ electrode 
eliminates the ECG and the power line voltage. EMG is different in 
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frequency range and hence these can be eliminated by passage through a low 
pass filter. Once the artefacts are eliminated the the EEG can be processed.  
The BIS monitor uses the BIS electrode (quarto sensor) which records the 
EEG over the fronto-temporal cortex of the patient. The EEG is an analogue 
signal which is converted to a digital signal by the BIS monitor. This 
process is called sampling. It is done at regular intervals. A set of samples 
attained over period of time is called epochs. In the BIS monitor the epochs 
are for 2 seconds. In order to minimize the loss of fidelity the system has 
sampling rate of 250 Hz22. 
After sampling, the BIS monitor,  process the data to calculate several 
parameters. The types of processed parameters are three in number and they 
are frequency domain, time domain and bispectral parameters. The time 
domain measures how the EEG changes over time and one of the best 
methods for this is burst suppression ratio (BSR). BSR is the fraction of 
epoch length, where the EEG voltage doesn’t exceed ±5mV.                
The frequency domain is explained in terms of sine waves. Sine wave is a 
function of time and is explained by three parameters – amplitude, 
frequency and phase angle. The Fourier analysis helps in converting 
complicated wave forms like EEG into sum of simple sine waves. It 
converts the time domain waveform into sine wave frequency components. 
This conversion is very complex and is done by a Fast Fourier 
Transform(FFT) algorithm. The data is generated in the form of power vs 
frequency histogram. 
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The bispectrum is the third processed parameter. It is a statistical analysis of 
the EEG data. It correlates the phase between different frequency 
components. For each triplet of frequency component generated by FFT,  
the bispectrum is calculated as a  complex product and a bicoherence value 
is derived. During anaesthesia the EEG is represented by increased 
synchrony which is reflected by a high bicoherence value23. 
So the final BIS value is formed by multivariate statistical model which 
correlates best with the behaviour. The parameters used to derive the final 
value of BIS is the time domain which is represented by BSR which was 
described earlier and the next was QUAZI which measures the BSR during 
the baseline voltage i.e. slow wave activity24. The frequency domain 
parameter is the beta ratio which compares the energy at 11-20 Hz band to 
the energy at 30-47 Hz band. The bispectrum is determined by the sync fast 
slow i.e. the ratio of bispectral peaks in the 0.5-47Hz band to the peaks in 
40-47 Hz band. 
Hence the final BIS value is derived by complex computation of variables 
derived from BSR, QUAZI, beta ratio and sync fast slow. It is derived as a 
non linear function. The algorithm weighs different parameters differently 
for instance beta ratio is weighed more during light anaesthesia, sync fast 
slow when EEG shows activation, BSR/QUAZI during deep anaesthesia. 
The BIS values shown in the monitor is the average value for the past 30 
seconds. In addition to the BIS value, current monitors display signal quality 
index(SQI) which shows the quality of the signal derived from the 
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electrodes. EMG is also shown in the monitor which represents the high 
frequency activity, the lesser the EMG value the better. 
The recommended level of surgical anaesthesia is achieved when the BIS 
value is between 40-6025,26,27. The BIS monitor measures the consciousness 
by measuring the cortical activity which leads to a number of short comings. 
The cortical state will not exactly give the response to noxious stimulus. 
Monitor is not able to differentiate between the different stages of 
arousability and cannot accurately measure the difference between awake 
and unresponsive state28. The changes in the index number do not represent 
same level of consciousness for all types of anaesthetics and can be fooled, 
i.e. the genetically determined low amplitude EEG found in 5-10% of 
population29,30.  
 
Fig-1 : BIS lead used in our institution 
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CARDIOPULMONARY BYPASS (CPB) 
 
CPB  is the technique to provide extracorporeal maintenance of respiration 
and circulation at normothermic and hypothermic temperatures. It diverts 
venous blood away from the heart, adds oxygen, removes carbon dioxide, 
returns blood to a large artery[usually  aorta]. It stops nearly all blood flow 
in the heart and lungs. It is a type of extracorporeal circulation, other types 
being—left heart bypass, cardiopulmonary support, extra corporeal 
membrane oxygenation[ECMO] .  
On may 6, 1953 Dr. John Gibbon Junior did a successful ASD closure 
on a patient using CPB for the first time. 
The goals of CPB are: 
 Bloodless surgical field . 
 Oxygenation and CO2 elimination from the body. 
 Circulation of blood for ensuring correct supply of oxygen and 
nutrients to the body. 
 Systemic cooling and rewarming  
 
The venous blood is interrupted at the SVC and IVC just before the blood 
enters the right atrium as it is better to collect  blood from this site than the 
RA itself. The blood is then stored in the venous reservoir from which it is 
taken by the arterial pump, which propels the blood forwards through the 
tubings, the pump acts as the artificial heart. The blood is then taken to the 
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oxygentor which acts as the artificial lungs and then to the arterial line filter 
before it enters the patient’s arterial system. The circuit of the pump is 
shown in the figure. 
 
 
Fig-2 : Basic flowchart of CPB 
The components of CPB are:  
1. venous reservoir 
2. oxygenator 
3. heat exchanger 
4. main pump 
5. arterial filter 
 The modern machines have built in venous reservoir, oxygenator and heat 
exchanger. The tubing is made of medical grade PVC which is coated, 
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alters bioactivity of the surface. Separate accessory pumps—blood salvage 
[cardiotomy suction], venting the left ventricle, cardioplegia filters, in line 
pressure gauges, oxygen saturation monitors, temperature monitors etc are 
also used. 
VENOUS RESERVOIR 
These are mainly Collapsible bags or hard shell containers with filters and 
pressure relief valves. The blood flows into the reservoir due to gravity, 
hence it is important to maintain a height difference between the patient, at 
a higher level  and the reservoir at the lower level with the blood flowing 
into the reservoir due to gravity. The driving pressure is directly 
proportional to the difference in height between patient and reservoir and 
inversely proportional to the resistance of cannulae and tubing. The fluid 
level in the reservoir is critical—if empty,  air enters the tubings causing air 
embolism. A low level alarm is usually present31. 
OXYGENATOR 
It is where O2 & CO2 exchange takes place. They are divided into two types 
: 
BUBBLE OXYGENATOR 
MEMBRANOUS  OXYGENATOR 
 
BUBBLE OXYGENATOR 
Gas exchange occurs by directly infusing the gas into a column of systemic 
venous blood. 
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In the oxygenating chambers bubbles are produced by the ventilating gas 
through diffusion plate into venous blood column. Larger the number of 
bubbles greater is the efficiency of the oxygenator. Larger bubbles improve 
removal of CO2 , diffuses 25 times more rapidly in plasma than O2. Oxygen 
transfer is proportional to bubble size and carbon dioxide exchange is 
proportional to gas flow.  Smaller the bubbles the greater is the efficiency 
for oxygenation but poor in CO2 removal. Defoaming chamber is one of the 
most important component of the bubble oxygenator.  It is used for 
defoaming of frothy blood. It has a large surface area coated with silicone, 
this large surface area helps to increase the surface tension and there letting 
the bubble to burst. It can be used only for short timings. 
MEMBRANOUS OXYGENATOR 
In this the gas exchange occurs across a thin membrane. It eliminates the 
need for a bubble-blood contact and the need for a defoamer, hence it is 
more physiological. Blood damage caused by the oxygenator is minimum. 
Ideal for perfusions which lasts for more than 2-3 hours. There are two 
types of membrane, SOLID which is usually made of Silicone and 
MICROPOROUS which is made of polypropylene, Teflon and 
polyacrylamide. 
It has a thin membrane which is gas permeable due to the micropores 
present in it. It is made of polypropylene—thin straws with outer diameter 
of 200-400um, wall thickness of 20-50um, total surface area-2-4m2 [hollow 
fibre design, folded envelope design]32. True membrane lungs are also used 
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.They provide a complete barrier between gas and blood phases. It needs a 
large priming volume. Gas transfer depends on diffusion. Arterial oxygen 
tension is inversely proportional to the thickness of the blood film in contact 
with the membrane. Arterial CO2 tension is inversely proportional to total 
gas flow. As FiO2 can be varied, it allows independent control of PaO2 & 
PaCO2. It can oxygenate about 7 litres of blood in one minute, and should be 
disposed after one use and hence it is costly. The major disadvantage is that 
it can be used only once. 
 
Heat exchanger 
Any time 20-35% of the total blood volume is in CPB. Blood from 
oxygenator enters heat exchanger where it can be cooled or warmed [40-
42oc ]depending on temperature of water flowing through exchanger. The 
heat transfer occurs by conduction. At low temperatures the gas solubility 
increases. So filters are built into unit to catch any bubbles formed during 
rewarming which escapes of the blood due to decreased solubility of the gas 
as the temperature increases . 
Main Pump 
Two types 
• Roller pump 
• Centrifugal pump 
Roller pump: 
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It is the most commonly used pump in all the CPB. Propulsion of blood is 
done using the volume displacement technique. Non Pulsatile Blood Flow 
is achieved using this . By compressing plastic tubing between Roller and 
Backing Plate the heads turn by compressing large bore tubing in main 
pumping chamber and thereby producing flow. Subtotal occlusion of tubing  
may produce RBC trauma. A constant speed of roller pumps produce a 
continuous non pulsatile flow. The flow is proportional to number of 
revolutions per minute. They are placed before the oxygenator. In case of 
power failure all pumps have hand crank for manual pumping, as well as 
emergency battery backup. Pulsatile flow is possible in roller pumps by 
instantaneous variation in rate of rotation of roller heads is possible. 
Centrifugal Pump 
It has a number of cones in plastic housing. The blood is propelled forward 
due to the centrifugal force created by the spinning of arranged cones in the 
pump. Here flow is pressure sensitive and should be monitored by 
electromagnetic flowmeters. If distal pressure is increased, then flow 
decreases  so pump speed must be increased. If pressure is increased 
excessively then back flow  will take place, hence unidirectional valves are 
placed . These pumps are nonocclusive which helps in producing lesser 
RBC trauma33. It is placed between reservoir and the oxygenator . 
ARTERIAL FILTER 
A final inline arterial filter is placed in the arterial cannula line. It contains 
pores sized 27-40µm. It prevents the entry of particulate matter . eg: 
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thrombi, fat, calcium, tissue debris. A filter always has a bypass limb which 
is normally clamped. It is used if the filter becomes clogged. It develops 
high resistance, if clogged. Hence always measure arterial inflow pressure 
before the filter. 
 
Fig-3 : CPB machine used in our institution 
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PROPOFOL 
HISTORY: 
 Propofol was first introduced into clinical practice by Kay and Rolly in 
1970. Propofol plays an important role as an IV hypnotic agent. It was First 
developed in the UK by the Imperial chemical industries. Because of the 
anaphylatic reactions, it was replaced and reformulated as an emulsion of a 
soyabean oil-propofol mixture in water. Again launched in 1986, mainly 
used for induction and maintaince of anesthesia. 
Physicochemical characteristics: 
 Propofol is a substitute of  isopropyl phenol which consist of a 
phenol ring with two isopropyl groups attached to it. Its chemical name is 
2,6 diisopropylphenol. 
 
   Fig-4: Structure of Propofol 
Formulation34: 
 1% propofol 
 10% Soyabean oil 
 1.2% purified egg phospholipid ( Emulsifer) 
 2.25% Glycerol (Tonicity adjusting agent). 
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        It comes under the group of alkylphenols, which is highly lipid 
soluble. Propofol formulation can support the growth of bacteria. It should 
be used within 6 hours of opening the vial. Current formulation of propofol 
contain 0.005% disodium edetate or 0.025% sodium metabisulfite to help 
retard the rate of growth of microorganisms. 
Mechanism of action: 
 Propofol is relatively selective modulator of GABA receptor. 
G-amino Butyric acid is an inhibitory neurotransmitter in brain. It assembles 
to form Chloride– channel with GABA A receptor. 
 Activation of GABA receptor 
                      ↓ 
 increases transmembrane Cl conductance  
                      ↓ 
 Hyperpolaizartion of post synaptic membrane  
                       ↓ 
 Functional inhibition of the postsynaptic neuron 
 Propofol decreases the rate of dissociation of GABA from its 
receptors, thereby increasing the duration of the GABA- activated opening 
of chloride channel with resulting hyperpolarisation of cell membrane. 
Pharmacokinetics: 
 In liver, propofol is oxidized to 1,4 Diisopropyl quinol. Propofol and 1, 4 
Diisopropyl quinol conjugate with glucuronic acid to form propofol -1 
glucuronic acid, which will be excreted by the kidney. After 1.5-2.5 hours- 
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patients excrete propofol. Less than 1% is excreted through the kidney 
(unchanged). The metabolite of propofol is inactive. Extra hepatic 
metabolism mainly by kidney is about 30%. Lungs also plays an important 
role in extra hepatic metabolism. Propofol reduces hepatic blood flow as  it 
has a  hemodynamic depressant effect.  
 
 Propofol inhibits CYP3A4, reduces its activity by 
approximately 37%. Elimination half-life is 4-7 hour. Clearance is 20-30 
ml/kg/ml, volume of distribution is 2-3 ml/kg. It is mainly described by 
two compartment model and three compartment models. Context sensitive 
half time of Propofol infusion lasting upto 8 hours is  less than 40 
minutes35. 
Pharamacodynamics: 
Cardiovascular system 
 The major CVS effect of propofol is a decrease in arterial 
blood pressure due to drop in Systemic vascular resistance, cardiac 
contractility and preload36. Factors exaggerating the hypotension include 
large doses, rapid injections, hypovolemic conditions and old age. Propofol 
produces a marked reduction in the slope of the right ventricular end 
systolic pressure-volume relationship. Decrease in cardiac output is due to 
reduced sympathetic drive to the heart. Propofol also decrease cardiac 
parasympathetic tone in a dose dependent manner.  
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 Propofol decreases the Blood pressure, Heart rate remains 
unchanged due to baroreceptor reflex. Asystole  and Bradycardia have been 
observed, after administration of propofol (Bradycardia – related death). 
Propofol may decrease the activity of sympathetic nervous system leads to 
predominance of parasympathetic activity.  
Central Nervous System: 
 Propofol decreases cerebral metabolic rate for oxygen, 
cerebral blood flow and intracranial pressure37. Unique to propofol are its 
antipruritic and anti emetic effect38. Propofol decreases systemic blood 
pressure sufficiently to decrease cerebral perfusion pressure. Propofol 
produces cortical electroencephalographic changes.  
  Hepatic and renal function 
 Propofol infusion syndrome accompanied by lactic acidosis 
bradydsyrhythmias and rhabdomyolysis can lead to hepatic cellular injury. 
Longstanding propofol infusion results in green colour urine due to presence 
of phenols. Cloudy urine is appreciated due to increased uric acid excretion. 
    Coagulation 
 Platelet aggregation is inhibited by propofol, through mediators 
like thromboxane A2 and platelet activating factor. 
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Clinical uses 
Induction of anesthesia  
 For healthy adults dose for induction of anesthesia  is 1.5-
2.5mg/kg IV and, old age requires a lower dose. The main advantage is 
complete awakening without residual CNS effect in a short time. 
Maintenance of anesthesia  
 The propofol dose is reduce by combination with opoids. The 
maintence of anesthesia is 100-200 µg/kg/minute39 .  
Antiprurtic effects  
 Propofol plays an important role in antipuritic treatment. The 
dosage of propofol is 10 mg IV, is effective in pruritis associated with 
neuroaxial opioids or cholestasis. 
Anticonvulsant activity 
 Propofol is effective in the treatment of epileptic activity, as  it 
inhibits chloride ion channels by GABA mediated presynaptic and 
postsynaptic neurons. 
ICU SEDATION 
 Propofol is used in ICU sedation and is related with Propofol 
infusion syndrome when  prolonged infusion is used, chidren are more prone 
to it. 
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MIDAZOLAM 
HISTORY 
Midazolam is a benzodiazepine used in anaesthesia as anxiolytic, sedative 
and hypnotic. It was first synthesized by Fryer and Walser. They 
synthesized it in 1976. It was the first clinically used water soluble 
benzodiazepine which was used primarily in anaesthesia40. 
Physicochemical characteristics: 
It has a 5-aryl – 1,4-diazepine structure. Midazolam has a pK of 6.15. The 
ring opening of midazolam is highly pH dependent and is usually buffered 
to acidic pH of 3.5. The ring remains open at pH less than 4 and this makes 
it more water soluble. During the exposure to physiological pH the ring 
again closes and hence becomes more lipid soluble, and this helps in its 
faster onset of action41. Hence midazolam needs the use of propylene glycol 
which is used as a solubilizing agent and this can produce inefficient 
absorption after I.M. injection and venoirritation. The elimination half time 
of midazolam is 1.7 – 3.5 hours42,43. It is highly bound to plasma proteins 
(94-98%).  
 
Fig-5: Structure of Midazolam 
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PHARMACOKINETICS: 
Midazolam can be used orally, I.V. and I.M. When used orally because of 
the first pass metabolism the bioavailability is only 50%. It has a distribution 
half life of 6-15 minutes, hence it is rapidly distributed after I.V. 
administration. It has a low hepatic extraction ratio. The metabolism of 
midazolam is highly dependent on age, obesity and hepatic cirrhosis. 
Obesity is an important factor as midazolam becomes more lipophilic in the 
physiologic pH and distributes to the adipose tissues and hence take a long 
time to eliminate the drug44. Alcoholics metabolize it at a faster rate due to 
the increased enzyme activity. Midazolam is mainly metabolized by the 
CYP3A4 and CYP3A5 to its main metabolite 1-hydroxymidazolam and 
minor metabolite 4-hydroxymidazolam and 1,4-hydroxymidazolam45,46. 
These are then conjugated to form glucoronides and then excreted renally. 
The main metabolite 1-hydroxymidazolam has almost same properties like 
that of midazolam. Hence any renal or hepatic dysfunction may prolong the 
action of midazolam47. 
Mechanism of action: 
Midazolam is a relatively selective modulator of GABAA receptor. G-amino 
Butyric acid is an inhibitory neurotransmitter in brain. It assembles to form 
Chloride– channel with GABA A receptor. 
 Activation of GABA receptor 
                      ↓ 
 increases transmembrane Cl conductance  
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                      ↓ 
 Hyperpolaizartion of post synaptic membrane  
and thereby opening the GABA channels for more time and thereby 
increasing the  conductance of chloride ions and hence leading to 
hyperpolarisation of the membrane. 
Pharamacodynamics: 
CENTRAL NERVOUS SYSTEM: 
The action of midazolam is on the GABA receptor and all the effects are due 
to its effects on the sub units of these receptors. The α1 subunits exerts the 
property of anterograde amnesia, sedation and anti convulsant properties of 
midazolam48. Anxiolysis and muscle relaxation properties are exerted 
through the α2 sub units. The benzodiazepine receptors are mainly seen in 
cerebral cortex, cerebellum, olfactory bulb, inferior colliculus, substantia 
nigra and olfactory bulb in maximum density and in lower densities it is 
seen in spinal cord, striatum and lower brainstem. It reduces the CMRO2 in 
a dose related manner and it thereby acts as a neuroprotective drug. It also 
increases the seizure threshold49.  
RESPIRATORY SYSTEM: 
Midazolam can cause respiratory depression when used in old age patients, 
debilitating disease and in patients on other respiratory depressant drugs like 
opioids. The respiratory depression is attributed to the effect of muscular 
tone leading to upper airway obstruction50, then to that they alter the 
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response to carbon dioxide and then the sedation caused, will depress the 
hypoxic ventilatory response51.  
 
CARDIOVASCULAR SYSTEM: 
The autonomic and endocrine homeostasis of the cardiovascular system was 
mainly maintained by the hypothalamic paraventricular nucleus. The 
paraventricular nucleus acts as the afferent to regulate arterial blood pressure 
where as the rostral ventrolateral medulla acts as the efferent to regulate 
blood pressure. The sympathetic system is usually inhibited tonically, which 
is mediated by the GABAergic signalling and nitric oxide52. Midazolam has 
very low haemodynamic effect, they have a slight effect on the arterial 
pressure. The haemostatic reflex mechanisms are maintained but 
baroreceptor reflex mechanism is lost and there by helps in maintaining the 
haemodynamic stability. The midazolam has a plateau effect and is reached 
when the concentration of midazolam is 100 ng/ml of plasma. Heart rate, 
ventricular filling pressures and cardiac output is maintained, when 
midazolam is used for induction. Midazolam does not have any effect on 
stress responses.   
USES 
Premedication  
Midazolam is mainly used as a premedication because of its effects like 
anxiolysis, sedation, amnesia, vagolysis, sympatholysis and reduction of 
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PONV53. It is available in variable forms and the dose commonly used is 
0.25mg/kg for pediatric patients and 7.5 – 15 mg for adults as oral dose. 
 
Sedation  
The dose used is 0.5 – 1 mg I.V. for adults. 
Induction and Maintenance 
The induction dose is 0.05-0.15 mg/kg and the maintenance dose is 
1mcg/kg/min or 0.05mg/kg (as required to keep the patient hypnotic and 
amnestic). 
Nausea and Vomiting Prophylaxis  
SIDE EFFECTS 
Respiratory depression is the most common side effect when used as a 
sedative. The prolonged post operative sedation and amnesia after 
midazolam administration is one of the major problems. The residual effects 
can be reversed using flumazenil54. 
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            FENTANYL CITRATE 
 
HISTORY: 
 Fentanyl is a phenylpiperidine derivative, synthetic opoid agonist. In 
1960s, Janssen pharmaceutics were the first to synthesize fentanyl citrate. It 
is 75-125 times more potent than morphine. It is derivative of meperidine. 
Chemical structure of fentanyl citrate 
Fig-6: Structure of Fentanyl 
 
 
Pharmacokinetics 
 Fentanyl citrate has a more rapid onset of action. Though rapid onset, 
there will be time lag between peak plasma concentration and peak slowing 
of the EEG. These delay reflects the effect site equilibrium time between 
blood & brain for fentanyl which is 6.4 min. Fentanyl citrate is highly lipid 
soluble, so that it crosses Blood brain barrier easily, likewise it has a short 
duration of action, reflects rapid –redistribution to inactive tissues like fat 
and skeletal muscles.  
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Initial fentanyl dose undergoes first pass pulmonary uptake in lungs about 
75%. When multiple IV doses of fentanyl or when given as continuous 
infusion, it leads to saturation of inactive tissue. As a result, the plasma 
concentration of fentanyl does not decrease rapidly and depression of 
ventilation may be prolonged. 
Dissociation constant -8.4 
Nonionized P4-8.5 
Protein Binding -84% 
Clearance ml/min – 1530 
Volume of Distribution – 335L 
Elimination half time – 3.1-6.6 hours 
Content sensitive Half time – 260min for 4 hours of infusion 
Metabolism:55 
 Fentanyl citrate is mainly metabolized hepatically, primarily via 
CYP3A4. It is metabolized by N- Demethylation, to form  Norfentayl, 
hydroxyproprionyl fentanyl and Hydroxy proprionyl Norfentayl. After the 
single dose of fentanyl administration, fentanyl can be detected in the urine 
for 72 hours . It is excreted by kidney, about 10% is excreted unchanged. 
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 After IV administration of fentanyl, it is widely distributed rapidly 
from the plasma to highly vascular tissues due to larger volume of 
distribution and greater lipid solubility. In old age patients due to decrease in 
clearance   of the opioid elimination half time is prolonged. 
Mechanism 
 Fentanyl has high potency towards µ receptor in the central nervous 
system, clinical stimulation of mu receptors56 results in analgesia, euphoria, 
respiratory depression, miosis, decreased gastrointestinal motility and 
physical dependence. It also acts on kappa receptor producing analgesia, 
miosis, respiratory depression, dysphoria and some psychomimetic effects 
(e.g., disorientation and/or depersonalization). 
    Clinical uses 
 Before induction of anesthesia, administration of fentanyl  1.5 or 3 µ 
/kg IV, results in decreaseing the subsequent doses of isoflurane with 60% 
nitrous oxide needed to block the sympathetic nervous system response to 
surgical stimulation. To prolong surgical anesthesia, larger doses of fentanyl 
50-150 µ /kg IV, have been used alone. 
As the sole anesthetic, it has the advantage of stable hemodynamics 
due principally to the:         
• Lack of direct myocardial depressant effects 
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• Absence of histamine release. 
• Suppression of the stress responses to surgery.   
 
Disadvantage 
• Failure to prevent sympathetic nervous system responses to 
painful stimuli. 
• Unpredictable, amnesic effects potentially leading to recall. 
• Postoperative depression of ventilation. 
Intrathecal  fentanyl(max benefit achieved with 25 µg ) can produce rapid, 
profound analgesia for early labor. Transmucosal fentanyl patches available 
in several formulations available, including lozenge mounted on a handle or 
a film or rapid– dissolving preparation applied to the buccal mucosa. In 
children 2 to 8 yrs of age , the preoperative administration of oral 
transmucosal fentanyl 15-20 µg/kg 45 minutes before the induction of 
surgery, reliably induces preoperative sedation and facilities induction of 
inhalational anesthesia.  
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             Adverse effect 
  Neuromuscular: chest wall rigidity 
High dose IV infusion of any opioid can induce chest wall rigidity, fentanyl 
is one of the agents most often associated with this uncommon, life 
threatening event. Increased muscle tone in the chest and sometimes 
abdominal wall makes respiration difficult and may even cause cessation of 
breathing.57 
 Cardiovascular system 
Bradycardia is more with fentanyl than morphine and may result in 
occasional decrease in BP and cardiac output. Carotid sinus baroreceptor 
reflex control of heart rate is markedly depressed by fentanyl, when 10 
µg/kg IV is administrated to neonates.58 
Seizure activity 
Seizure like activity has been described to follow rapid IV administration of 
fentanyl. In the absence of EEG evidence of seizure activity, however, it is 
difficult to distinguish opioid induced skeletal muscle rigidity or myoclonus 
from seizure activity. Conversely , opioids might produce a form of 
myoclonus secondary to depression of inhibitory neurons that would 
produce a clinical picture of seizure activity in the absence of EEG changes. 
59 
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Intracranial pressure 
In head injury patients, administration of fentanyl has been associated 
with modest increases in ICP of 6-9 mm Hg .These increase in  ICP 
are   accompanied by decrease in Mean arterial pressure and Cerebral 
partial pressure. It  is due to auto regulatory decrease in cerebral 
vascular resistance  due to decrease in Systolic blood pressure 
resulting in vasodilatation , increases blood volume and increases 
ICP. 
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                                           ISOFLURANE  
PHYSICAL PROPERTIES 
Isoflurane is a volatile anaesthetic which is non inflammable with a pungent odor. 
It is a methyl ethyl ether which is halogenated. The molecular weight of isoflurane 
is 184, 48.5oc boiling point, vapour pressure of 240 mm of Hg at 20oc, minimum 
alveolar concentration(MAC) of  1.17% and a blood gas partition coefficient of 
1.4660. 
Structure: 
 
 Fig-7 : Structure of Isoflurane 
Pharmacodynamics 
Cardiovascular system: 
The cardiac depression caused by isoflurane is minimal in vivo. The carotid 
baroreflexes are preserved which leads to increase in heart rate which leads to 
maintenance of cardiac output. Isoflurane causes mild stimulation of  β adrenergic 
receptors which increases systemic vascular resistance and lowers arterial blood 
pressure. A sudden increase in isoflurane concentration can lead to transient 
increase in heart rate and mean arterial pressure and plasma levels of 
norepinephrine. Dilation of normal coronary arteries could theoretically divert 
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blood away from fixed stenotic lesions. Also isoflurane is implicated in ischemic 
preconditioning61. 
Respiratory system: 
Respiratory depression following isoflurane administration is common as in other 
volatile anaesthetic agents. Even lower levels of isoflurane will blunt the normal 
ventilator response to hypoxia and hypercapnia. Isoflurane is an upper airway 
irritant and considered a good bronchodilator but not as good as halothane62. 
 
Cerebral effects: 
At higher concentrations isoflurane has the effect of increasing CBF and 
intracranial pressure. These effects are however reversed by hyperventilation. 
Isoflurane however reduces CMRO2 and it produces a flat line EEG i.e. an 
electrically silent EEG at 2 MAC. It is this effect which provides the brain 
protection during cerebral ischaemia63. 
Renal: 
Isoflurane decreases renal blood flow, glomerular filtration and urinary output. 
Hepatic: 
The total hepatic blood flow i.e. the portal vien and hepatic artery flow is 
decreased during anaesthesia. Isoflurane maintains the hepatic oxygen supply 
better than halothane, because both the hepatic artery perfusion and hepatic venous 
saturation are preserved. It minimally affects the liver function tests64. 
 
Biotransformation and toxicity: 
Isoflurane is matabolised in the liver and the metabolic byproduct is trifluoroacetic 
acid. The serum fluride level increases but it does not show any nephrotoxicity 
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even in presence of enzyme inducers. After prolonged use for sedation in critically 
ill patients, the fluride levels were increased to 15-50 mmol/L without any 
evidence of renal impairment. Even when the fluride level increases to more than 
50mmol/L there was no evidence of post operative renal dysfunction. As its 
metabolism is limited it also minimizes the chance of hepatic dysfunction65. 
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Modified Brice Questionnaire 
Were you expecting to be completely asleep for this operation (please 
circle)? YES / NO 
1. What is the last thing you remember before going to sleep (please tick one 
box)? 
-Being in the pre-op area                    -Seeing the operating room  
-Being with family                             -Hearing voices  
-Feeling mask on face                        -Smell of gas  
-Burning or stinging in the IV line   
-Other [Please write below]: 
_____________________________________________________________
_________________ 
2. What is the first thing you remember after waking up (please tick one 
box)? 
-Hearing voices                       -Feeling breathing tube  
-Feeling mask on face             -Feeling pain  
-Seeing the operating room    -Being in the recovery room  
-Being with family                 -Being in ICU  
-Nothing                                 -Other [Please write below]: 
_____________________________________________________________
________________ 
3. Do you remember anything between going to sleep and waking up (please 
tick box)? 
-No  
-Yes: -Hearing voices    -Hearing events of the surgery  
 -Unable to move or breathe   -Anxiety/stress  
 -Feeling pain     -Sensation of breathing tube  
 -Feeling surgery without pain   -Other [Please write below] 
_____________________________________________________________
_________________ 
4. Did you dream during your procedure (please tick box)? 
-No  -Yes  
-What about [Please write below]: 
_____________________________________________________________
_________________ 
5. Were your dreams disturbing to you (please tick box)? 
-No  -Yes  
6. What was the worst thing about your operation (please tick box)? 
-Anxiety     -Pain  
-Recovery process    -Unable to carry out usual activities  
-Awareness    -Other [Please write below]: 
__________________________________________________________
__________________ 
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REVIEW OF LITERATURE 
 
In 1987, the awareness during CBP was noticed by Golmann et al66. They 
did a study on 30 patients scheduled for cardiac surgery who were 
interviewed before and after the surgery for assessing the changes in their 
emotional state and recall of events during the surgery, both aware and 
unaware. Randomly selected patients were made to hear a recorded audio 
tape towards the end of bypass after they were rewarmed to 37oC. They 
contained the suggestions for patients to touch their chin during the post 
operative interview, to remember three sentences and to recover quickly. 
The interviewers were blinded from the experiment. The experimental group 
touched their chins more than the control group. The recognition of the 
sentences did not reach any significant change when compared to the control 
group due to the small number in the group. 7 patients were able to recall the 
events during the surgery i.e. 23%, 5 patients with the aid of hypnosis. 
Premedication and postoperative anxiety were significant predictors of those 
patients who reported recall. 
 
In 1999, Barr, Jakobsson, Owall and Anderson 67studied the effects of 
nitrous oxide on BIS index as sole agent and as adjunct to I.V. anaesthesia. 
10 healthy volunteers were made unconscious by inhalation of 70% nitrous 
oxide but there was no change in BIS. BIS and haemodynamic effects of 
using nitrous oxide as an adjunct were measured during CABG in patients 
receiving midazolam and fentanyl infusions. Measurements were made 
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during 0%, 33% and 66% of nitrous oxide and during skin incision and 
sternotomy. Nitrous oxide did not cause any change in the BIS values. 
Hence it was concluded that BIS was an efficient and sufficient monitor to 
know the depth of anaesthesia but it is not the necessary criterion for 
adequate depth of anaesthesia. 
 
In 2000, Hirschi M, Meistelman C, Longoris D68 investigated the hypnotic 
changes in anaesthesia using the BIS index during CPB at normothermia. 26 
patients who were undergoing cardiac surgery were premedicated with 
hydroxyzine and meperidine. Induction and maintenance of anaesthesia was 
done using closed loop continous infusion of sufentanil and a manually 
adjusted continuous infusion of Propofol. Normothermic CPB was used with 
moderate haemodilution. BIS was measured at 30s, 1min, 3min after CPB 
onset, before and after aortic clamping , 30 min after CPB onset, before and 
after aorta cross clamp release and before and after weaning from CPB. BIS 
values were 48±8 before CPB, 50±10 after weaning from CPB. None of the 
patients had increased BIS values during CPB which showed the symptoms 
of awakening. Hence it was concluded that the anaesthetic regimen used in 
the study did not change with normothermic CPB. 
 
In 2001 ,D. Schmid, P. Hager, E.R. Schmid69 did a research on the 
monitoring of level of sedation in patient under going hypothermic and 
normothermic CPB using BIS monitor.28 patients who underwent CABG 
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under fentanyl and  Propofol anaesthesia was monitored using BIS. Divided 
into 2 groups of 14 each, group – H those who underwent hypothermic 
CPB and group- N those who underwent normothermic CPB. During CPB 
group H had an average BIS value of 41 and group N had a value of 49. 
Hence it was concluded that the patients who underwent hypothermic CPB 
had better sedation than the ones who underwent normothermic CPB.  
 
In 2001, Julia Murphy, David Zwakowski et al70. did a study on BIS 
monitoring in children undergoing CPB. In the study 15 children whose age 
ranging from 4.9 – 16.5 years undergoing cardiac surgery under CPB were 
selected. BIS, MAP, H.R. and temperature were to be recorded at different 
events of the surgery. Measure of stress response – serum lactate, glucose, 
norepinephrine and epinephrine were measured at the same timings as 
above. It was found that BIS increased significantly during rewarming 
phase. Lactate, glucose, epinephrine levels were also raised during the 
rewarming time. Hence it was concluded that there was an increase in 
consciousness during rewarming phase. 
 
In 2001, Hachero A., Alamo F. et al.71 researched on the influence of BIS 
monitoring on fentanyl requirements during major gynecological surgeries. 
40 patients were divided into 2 groups of 20 each. In the BIS group Propofol 
was administered in such a way to maintain the BIS value between 40-60. In 
the control group standard doses were given 10mg/kg/hr after induction, 
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8mg/kg/hr over next 5 minutes and 6mg/kg/hr over the rest of the surgery. 
All patients required fentanyl bolus to maintain analgesia when H.R. and 
B.P. increased 20% over baseline. It was found that more fentanyl was 
required in the BIS group than the control group (415mcg vs 253mcg) and 
the patients in the BIS group awoke early. Hence they concluded that BIS 
monitoring can influence the fentanyl requirement during TIVA for 
maintaining analgesia. 
 
In 2001, Joseph P Mathew, Kevin J Weatherwax, Christopher J East et al72 
researched on the hypothesis that BIS is not affected by hypothermia that is 
associated with CPB. 100 patients were studied prospectively who 
underwent cardiac surgery under CPB. A constant concentration of 2.2ng/ml 
for fentanyl and 60ng/ml midazolam was maintained at all times of surgery. 
The percentage of isoflurane administered , concentration of midazolam and 
fentanyl, nasopharyngeal temperature and BIS was measured at 15mins of 
CPB, during clamping of aorta, beginning of rewarming, weaning from CPB 
and 15mins after the end of CPB. A concrete relation was established 
between temperature and BIS, which was independent of drug 
concentrations and surgery time. The BIS estimated to decrease by 1.12 
units for each degree Celsius decrease in temperature. Hence it was 
concluded that hypothermia decreases BIS by 1.12 units per degree Celsius 
decrease in temperature 
 
51 
 
In 2002, Masuda T., Yamada et al73 studied whether BIS monitoring is 
useful in reducing the total amount of Propofol and to obtain immediate 
recovery after Propofol anaesthesia. 46 patients were studied. First group 
had the Propofol infusion rate adjusted according to BIS value 40-60 and 
65 at the last 10 minutes. Second group had the Propofol infusion rate 
adjusted according to standard clinical signs. Compared with the control 
group, the patients in the BIS group required lower Propofol infusion 
(4.3±1.1 vs 4.9±0.8 mg/kg/hr) and the total amount of Propofol decreased 
from 914±326 vs 709±210 from the control to the BIS group. The BIS 
group also had earlier recovery. They found out that the patients in the BIS 
group required lesser Propofol infusion rate and hence thereby concluding 
that BIS monitoring was useful in controlling the infusion rate of Propofol 
and also in earlier recovery by the judicious use of propofol. 
 
In 2002, Alois Philip, Christoph Wiesenack, Renate Behr et al74 did a study 
on the effect of isoflurane added to the gas flow of  a microporous capillary 
membrane oxygenator compared to the diffusion membrane oxygenator on 
the awareness during the cardiac surgery. When they applied this to the 
diffusion type oxygenator the anaesthetic depth seemed to be affected which 
was shown by the high intraoperative perfusion pressures. 60 patients were 
divided into 2 groups, the first group received isoflurane through the 
microporous capillary membrane oxygenator and the second group through 
the diffusion membrane oxygenator. Isoflurane concentrations were 
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measured at the both the inlet and outlet ports of the oxygenator. They found 
isoflurane administered was decreased by about 50%during the passage of 
the gas through the device , there was only  low transfer of isoflurane in the 
diffusion type membrane oxygenators. 
 
In 2002, Celebioglu, Aypar, Pamuk et al75 did a study on the role of 
sevoflurane in relation to depth of anaesthesia. 59 patients were analysed 
who underwent open heart surgery under cardiopulmonary bypass. They 
were divided into 2 groups, both the group, induction was with etomidate, 
dihydrobenzperidol and fentanyl, anaesthesia was maintained with 
sevoflurane, fentanyl and nitrous oxide, vecuronium was used for muscular 
paralysis. Group 1 received dihydrobenzperidol and fentanyl during CPB, 
group 2 received sevoflurane and fenatyl. Depth of anaesthesia was 
monitored using auditory evoked potentials. The patients were reviewed 
with questionare 8 and 24 hours postoperatively for incidence of awareness. 
Five patients in the dihydrobenzperidol group gave a history of awareness 
when compared to none in the sevoflurane group. Hence it was concluded 
that sevoflurane and opioid combination reduced the incidence of awareness 
during cardiac surgeries done under CPB. 
 
In 2003, Hayashida, Chinzei, Komatsu et al76. did a study on detection of 
cerebral hypo perfusion with bispectral index during pediatric cardiac 
surgery. In 10 children undergoing cardiac surgery they measured BIS and 
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cerebral hemoglobin saturation by near infrared spectroscopy. It was noticed 
that there were 14 episodes of decrease of both hemoglobin saturation and 
BIS during the hypotensive episodes. The resultant decrease in BIS was due 
reduction in cerebral blood flow which was shown by the decreased cerebral 
hemoglobin saturation which resulted in the acute slowing of the raw EEG. 
Hence it was concluded that an acute decrease in BIS due to hypotension 
indicates cerebral hypo perfusion and that this hypo perfusion due to 
hypotension can happen frequently during paediatric cardiac surgery. 
 
In 2003, Yoshitani, Takahashi, Kitaguchi et al77 did a study on the plasma 
Propofol concentration and EEG burst suppression ratio during 
normothermic CPB. 45 patients were divided into three groups of 15 each 
and they received Propofol infusions at the rate of 4, 5 and 6 mg/kg/hr 
during normothermic CPB classified into group a, b and c. Propofol 
concentration and burst suppression were recorded at 10 min prior to CPB, 
10 min from the start of CPB, 30min after CPB, after aortic clamping  and 
60 min from start of CPB. After the start of CPB concentrations of Propofol 
decreased significantly by 41, 35 and 30% of control values in a, b and c 
groups respectively. In group a, the concentration of Propofol during CPB 
remained unchanged before bypass. In group b and c it increased to the pre 
bypass concentration during the CPB. In group a, BSR values did not 
change significantly during CPB. In b and c groups BSR gradually increased 
and became significantly greater than baseline values. Hence it was 
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concluded that pharmacokinetics and Pharmacodynamics of Propofol 
change during normothermic CPB. The efficacy of Propofol will be 
enriched than before CPB during the normothermic CPB 
 
In 2003, P.J. Mathew , G.D. Puri78 did a study on Propofol requirement 
titrated to BIS, a comparison between hypothermic and normothermic CPB. 
They found that the Propofol requirement was same in both before CPB and 
after CPB. the Propofol dose was reduced both in normothermic and 
hypothermic CPB, but it was more pronounced in hypothermic group. The 
BIS remained constant in normothermic CPB (50±8) but declined 
significantly during hypothermic CPB (41±5.6) despite decreased Propofol 
usage. Hence it was concluded that the Propofol requirement was 
significantly reduced with hypothermic CPB than the normothermic CPB. 
 
In 2004, Kyoung Ok Kim, Ji Yon Jo, Seong Deok Kim et al79 did a study by 
comparing the bispectral index and hemodynamic index at different times of 
surgery in children undergoing open heart surgery. They were divided into 2 
groups the isoflurane group in which the maintenance of anaesthesia was 
using 0.5%-1% isoflurane and the fentanyl group in which the maintenance 
was achieved using infusion of fentanyl and midazolam. BIS, MAP, and 
heart rate were recorded at baseline, post induction, skin incision, 
sternotomy, aortic cannulation, nadir temperature, immediate post CPB, 
sternal wire and skin closure. BIS revealed significant change with different 
55 
 
steps of surgery between the different groups. BIS increased drastically 
during immediate post CPB phase. It was found that there was no 
correlations between BIS and haemodynamic parameters during the surgery. 
BIS was raised in fentanyl group at the time of incision, cannulation and 
during sternal wiring. They concluded that they were not able to establish 
any relation between BIS and haemodynamic indices during the surgery. It 
showed that increase in the BIS during rewarming phase showed an increase 
in awareness during this phase.  
 In, 2004 J. Ahonen, A. Sahlman, A. Yli-Hankala et al80 did a study on the 
effect of CPB on the level of depth of anaesthesia. They assessed the effect 
of CPB on the Propofol amount needed to maintain a constant BIS value and 
the recovery from anaesthesia in 22 patients undergoing cardiac surgery 
under CPB and in 18 patients undergoing CABG without CPB(off-pump). 
The anaesthesia was induced and maintained with Propofol and alfentanil. 
The infusion rate was adjusted according to keep the BIS value 40±5. They 
found that the surgical duration and the anaesthetic requirement were 
significantly higher with the off pump technique. The Propofol requirement 
were same in both the groups. During anaesthesia and the 3 hours after that 
the BIS values were similar in both the groups. There was no change in the 
time of awakening and tracheal extubation. Thus they concluded that the off 
pump technique had no  effect on the Propofol needed or the recovery of the 
patient from anaesthesia. 
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In 2005, Eugene H.C. Liu, Sasanka S. Dhara81 did a study on the changes in 
isoflurane needed during the rewarming phase of CPB with moderate 
hypothermia. They studied forty patients who were undergoing elective 
CABG under CPB. The isoflurane levels were measured in the expiratory 
gas in the oxygenator. Anaesthesia was maintained by maintaining the BIS 
value between 40 and 50. The isoflurane required for the maintenance of the 
anaesthesia was measured. There was an increase in isoflurane requirement 
when the rewarming was done from 30 to 37oc. There was significant 
decrease in the amount of isoflurane required for the maintenance of 
anaesthesia at 30oc when compared to 37oc. Thus they concluded that 
isoflurane usage were decreased during hypothermic CPB. Monitoring the 
volatile concentrations in the oxygenator expiratory gas will be useful for 
monitoring the depth of anaesthesia.. 
 
In 2005 Barry D. Kussman, David Zurakowski, Lorna Sullivan et al.82 did a 
study to measure the changes in the fentanyl concentrations in the plasma in 
infants undergoing cardiac surgery under CPB with low priming volume and 
to examine the relation of plasma fentanyl concentration and temperature to 
BIS, as a variable for assessing the depth of anaesthesia during infant 
cardiac surgery. 15 neonates  and infants  who were supposed to undergo 
cardiac surgery with hypothermic CPB were selected. Patients were 
anaesthetized using fentanyl 30mcg/kg for induction immediately followed 
by continuous infusion of 0.3mcg/kg/min till skin closure. Intraoperative 
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data and total plasma fentanyl concentration were measured during 
preinduction, 30mins postinduction, sternotomy, aortic cannulation, at 
4mins, 30mins, and 60mins on CPB and at 1 and 30 mins after weaning 
from CPB. At the start of CPB fentanyl declined from  15±6 to 11±5 ng/ml, 
increasing to 16±5 ng/ml at 30 mins on CPB and maintaining a similar level 
till the end. BIS decreased from 88±20 to 42±11 with induction, it further 
decreased while hypothermia was induced,  9±11 at the nadir temperature 
and increased during rewarming to 29±9 at 1 minute and 35±10 at 30 
minutes of CPB. The wide variation in BIS resulted in no significant 
correlation between fentanyl, BIS and temperature. They concluded that 
there was only a small variability in fentanyl concentration in the plasma 
when constant fentanyl infusion and low volume bypass was used. The 
utility of BIS during the cardiac surgeries of infants were not significant as 
there was no relationship established between fentanyl concentration, 
temperature and BIS. 
 
In 2005, Boussemaere, Cammu, Deloof et al 83investigated whether the 
Propofol requirement will be reduced in cardiopulmonary bypass surgery 
when a continuous infusion of cisatracurium is used. In the first study 20 
patients who were to undergo cardiac surgery under bypass were divided 
into 2 groups of 10 each, the group 1 were given cisatracurium bolus during 
induction and no more relaxants thereafter. In group 2 the patients received 
an infusion of cisatracurium at the rate of 1mcg/kg/min before CPB, 
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0.75mcg/kg/min during CPB and 1mcg/kg/min following CPB. Anesthesia 
was induced with diazepam 0.15mg/kg and sufentanil 2.5mcg/kg I.V. and 
maintained with Propofol 1-3mg/kg/hr and boluses of sufentanil. Propofol 
dose requirements were titrated according to BIS, it was aimed that the BIS 
values be kept between 45 and 55. In the second study groups 1 and 2 of 15 
patients each who received BIS guided Propofol target controlled infusion 
and a remifentanil infusion which was assessed by haemodynamic changes. 
Group 1 were given bolus of cisatracurium at induction and group 2 an 
infusion of cisatracurium. The only difference in methods of both the studies 
was that remifentanil infusion was used in one study when boluses of 
sufentanil and diazepam were used in the other. The first study showed that 
the group receiving continuous infusion of cisatracurium during 
hypothermic CPB surgery were 3.6±0.7 mg/kg/hr and the other group 
receiving 4.7±0.8 mg/kg/hr. In the second study, Propofol consumption was 
5.4±1.7mg/kg/hr in group 1 receiving cisatracurium bolus and 4.4±1.0 
mg/kg/hr in group 2 receiving continuous infusion. Hence it was concluded 
that Propofol usage was reduced in patients receiving continuous infusion of  
cisatracurium during hypothermic CPB surgery. The Propofol needed in the 
study using remifentanil were higher than the study using diazepam and 
sufentanil. 
 
In 2005 Tiren, Anderson, Barr et al84 did a study comparing three different 
depth-of-anaesthesia monitors during CPB at 34oC with fentanyl/Propofol 
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anaesthesia adjusted according to the clinical parameters and the 
anaesthesiologist were blinded to these monitors. Three monitors were used 
Bispectral Index, AAITM auditory evoked potential, EntropyTM. 21 
patients were selected and divided into 3 groups who were supposed to 
undergo CABG under CPB. Indices were noted every 5min during CPB. 
The relation between the paired indices were classified as good agreement, 
non-agreement, or disagreement. From the index values the anaesthesia was 
classified as adequate, inadequate or excessive. 255 paired indices were 
noted out of which 62% had good agreement, 33% had non-agreement and 
5% had disagreement. It was concluded that the quarter of the measurements 
showed inadequate monitoring of depth of anaesthesia during CPB when the 
anaesthetics were titrated according to the clinical parameters, the good 
agreement between 2 monitors were used as the gold standard.  
In 2005 J. Bruhn, S. Kreuer et al85. did a study on Bispectral index 
monitoring and A-line AAI index as guidance for desflurane- remifentanil 
anaesthesia compared in a standard practice group. 200 patients undergoing 
minor surgical procedures were randomized to receive a desflurane-
remifentanil anaesthesia by either clinical parameters, BIS or AAI. 
Compared with clinical anaesthesia practice BIS and AAI did not result in 
the reduction of desflurane consumption on recovery time during minor 
surgery but it did result in the decreased use of remifentanil. 
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In 2006 Takizawa, Hiraoka, D. Takizawa et al86 tried to assess the changes 
in the effect of the drug propofol during CPB in view of the altered ability of 
the drug to bind to the plasma proteins using various EEG measurements. 30 
patients were divided into groups. Group 1 receiving Propofol infusion at 4 
mg/kg/hr and group 2 receiving Propofol at 6 mg/kg/hr. At regular intervals 
samples were obtained from the radial artery and checked for Propofol 
concentrations in the blood using High Performance Liquid 
Chromatography (HPLC). The unbound fraction were calculated using 
equilibrium dialysis. BIS and burst suppression ratio (BSR) were noted at 
the time of collection of blood samples. The results showed that the total 
concentration of Propofol was not altered during CPB when compared with 
the pre CPB values. But the amount of unbound Propofol in the blood 
increased by 2 times that of pre CPB values during CPB. The BIS values 
were not affected in the group 1 patients but there was a significant decrease 
in the BIS value in group 2 patients. In both the groups BSR was increased 
significantly during CPB. BIS values dint show much of a correlation with 
the concentration of Propofol unbound to the proteins whereas BSR showed 
moderate correlation with the unbound Propofol. Thus they concluded that 
the anaesthetic effect of Propofol was increased during CPB without any 
change in the total concentration of the drug. The increased effect during 
CPB was attributed to the decreased plasma protein binding of Propofol.  
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In 2006, Magilevets, Miliukova, Firsov et al87 did a study for comparison of 
calculated Propofol concentrations vs measured Propofol concentrations( Cc 
and Cm respectively), with the help of Diprifusor technology in cardiac 
surgery under CPB. 10 patients in the NYHA class II-III were selected were 
to undergo mitral valve replacement. Propofol was infused using target 
control by the Diprifusor system and was titrated to maintain BIS close to 
40. Propofol in doses of 2.±0.05 mg/kg was required for induction. Propofol 
in doses of 5.4±0.3, 3.9±0.2 and 3.1±0.2 mg/kg were given before, during 
and after CPB respectively. The doses of fentanyl for induction was 
4.4±0.1mcg/kg and for its maintenance before, during and after CPB 
fentanyl was given at 4.5±0.4, 2.4±0.2 and 0.2±0.1mcg/kg respectively. The 
muscle relaxant used was rocuronium and was used in standard doses for 
neuromuscular relaxation. Cm was determined by the use of high-
performance liquid chromatography with ultraviolet detection (Agilent 
1100, column C18, Altima). The plasma Propofol concentrations were 
measured at intubation, skin incision, sternotomy, aortic cannulation, 30min 
of CPB, 60min of CPB, end of CPB, 30min following CPB, skin closure and 
awakening. The values were compared by linear regression. Student’s t-test 
was used with p<0.05, it was found that Cm was 2 times higher than Cc in 
all stages. Hence it was concluded that the trend in Propofol concentrations 
were predicted by marsh’s PK/PD model and Cc was always 2 times lower 
than Cm. 
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In 2006,88 study on comparison between isoflurane requirement by 
monitoring the oxygenator expiratory isoflurane concentrations and by using 
the bispectral index during CPB was done by Liu, Dhara. The isoflurane 
requirements were measured using the concentrations in the oxygenator 
expiratory gas. BIS monitor was used to guide the anaesthesia. Isoflurane 
usage were adjusted for maintaining the BIS value between 40-50. They 
measured the isoflurane concentration required at each stage. It was found 
that the isoflurane requirement increased during the rewarming from 30 – 
37oC, with 0.78 Pearson correlation coefficient. The concentration required 
at 30oC was 0.41±0.14% when compared with 1±0.12% at 37oC. Thus they 
concluded that the isoflurane requirement during hypothermic phase of CPB 
is decreased and that the use of monitoring the anaesthetic concentrations in 
the oxygenator expiratory gas is an useful tool in monitoring the anaesthetic 
depth. 
 
In 2006, Honan, Doherty, Fuizella89 did a study on comparison of the effects 
of BIS index in mild vs moderate hypothermia during CPB. 30 patients were 
divided into two groups of 16 who underwent mild hypothermia (32-34oc) 
and 14 in the other group who underwent moderate hypothermia (28-30oc) 
in CPB. BIS values were recorded at 14 specific event related time points. 
Anaesthesia was standardized and maintained with the help of enflurane. 
The average BIS values were less in patient who underwent moderate 
hypothermic CPB than the patients who underwent mild hypothermia. 
63 
 
Hence it was concluded that there was an actual increase in depth of 
hypnosis in the moderate hypothermic group than the mild hypothermic 
group. It also showed the relationship of the BIS value in accordance with 
the temperature however the study did not give importance to the physical 
and chemical changes in the properties of the volatile anaesthetics in relation 
to the temperature 
In 2007, Smith et al90 did a study on comparison of maintenance of 
anaesthesia with Propofol in one group and isoflurane in other group during 
CPB. They aimed at studying the percentage reduction in the requirement 
for comparing fentanyl bolus vs fentanyl infusion at a constant rate titrated 
in such a way so as to maintain BIS value of 55. They found that by using 
fentanyl infusion, 30% less anaesthetic was required to maintain the BIS of 
45 after CPB than at the start. There was a decrease of 12-25% of 
anaesthetic dose rate in both Propofol and isoflurane group when fentanyl 
bolus was used 
 
In 2007, Chiu, Ong, Majid91 studied the effect of BIS monitoring on 
Propofol administration during hypothermic CPB. 20 patients of NYHA 
class I – III were divided into 2 groups of 10 each. Group C who received 
Propofol at target concentration between 1.5 – 2.5 mcg/ml during CPB and 
group B in which Propofol titration was adjusted in order to maintain a BIS 
value of 40-60. MAP, HR , BIS and usage of inotropes were recorded at 
various intervals. It was found that Propofol administration in group B was 
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less than group C i.e. 2.9 mg/kg/hr in group B to 6 mg/kg/hr in group C. 
hence it was concluded that BIS helped in reducing Propofol usage by 
around 50% , although it dint have any effect on inotrope usage. 
 
In 2009, Nabawaya Mustafa Kamal, S.H. Omar, K.U. Radwan et al.92 did a 
study on BIS monitoring improves clinical anaesthetic delivery and reduces 
drug consumption in adult patients undergoing surgery under general 
anaesthesia. Sixty patients were divided into 2 groups , BIS guided group 
(BIS-g) and BIS blinded group (BIS-b).In BIS-g group sevoflurane and 
fentanyl was given according to keep the BIS value between 40-60.In BIS-b 
group BIS was blinded from the anaesthesiologist and the anaesthetic drugs 
were adjusted according  to the general practice. It was found that BIS, 
reduced sevoflurane usage by 32% and resulted in earlier discharge of the 
patient. Hence they concluded that the BIS guided anaesthesia might 
improve recovery profile as it reduces the anaesthetic consumption. 
 
In 2009, Emad El-Din Mansour 93did a study to know the efficacy of 
dexmedetomidine and midazolam as induction agents and adjuncts in Off 
Pump Coronary Artery Bypass (OPCAB) surgery with help of BIS monitor. 
107 patients scheduled for elective OPCAB were selected and were divided 
into 2 groups, midazolam group and dexmedetomidine group, group M and 
group D respectively. Patients received loading dose of 1mcg/kg 
dexmedetomidine in group D over 1 minute before the start of induction and 
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60mcg/hr continuous infusion till end of surgery. Group M patients received 
midazolam 0.1mg/kg over 1 min before induction and 2.5mg/hr continuous 
infusion till the end of surgery. Maintenance of anaesthesia was done with 
continuous infusion of 0.2mcg/kg/hr sufentanil and rocuronium 0.5mg/kg/hr 
supplemented with sevoflurane as required. The induction and maintenance 
doses were titrated in order to maintain BIS value around 50. The clinical 
parameters (HR, MAP, CI and SVR) and BIS values were recorded at T0-T7 
and sevoflurane concentrations were recorded at T3-T7. T0= baseline 
preinduction, T1= immediately post-induction, T2= during laryngoscopy & 
intubation, T3= skin incision, T4= sternotomy, T5= during revascularization 
of the left anterior descending (LAD) artery, T6= during revascularization of 
the obtuse marginal (OM) artery, T7= with chest closure at conclusion of 
surgery. 5 patients in group M and 3 patients in group D were put on pump 
during the surgery and hence they were excluded. In group M there was a 
significant decrease in SVR and BP following induction T1 when compared 
to T0, but the HR and CI had a significant increase during T1 when 
compared to T0. In group D with the exception of HR which decreased from 
T1-T7 all the other values were comparable to the baseline values. The 
comparison of  BIS value in both the groups were done, it was found that 
group M needed higher concentrations of sevoflurane. Hence it was 
concluded that midazolam can alter the haemodynamic responses after 
induction, however these can be reversed and baseline values could be 
attained. Dexmedetomidine is a more potent anaesthetic adjuvant and  is 
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more haemodynamically stable when used in comparison with midazolam in 
patients undergoing OPCAB.  
 
In 2009, Ricardo Antonio G. Barbosa, Silvia Regina C. Jorge Santos, Paul F. 
White et al94 did a study to find the changes in Propofol pharmacokinetics 
increase the hypnotic effects after cardiopulmonary bypass. 20 patients were 
selected who were supposed to undergo CABG. They were divided into 2 
groups of 10 each, group 1 undergoing surgery on pump and group 2 
undergoing surgery off pump. The patients were anaesthetized with 
sufentanil and a Propofol target controlled infusion(2mcg/ml). BIS was used 
to monitor the depth of anaesthesia. Samples of blood were collected from 
induction to 12 hours after the end of Propofol infusion, at predetermined 
intervals. The concentration of Propofol in the plasma were measured with 
the aid of high performance liquid chromatography, which was followed by 
the non-compartmental Propofol pharmacokinetic analysis. Analysis of the 
data were done using ANOVA, after CPB, both the groups had about similar 
concentrations of Propofol in the plasma in both the groups, BIS values 
were decreased in the on pump CABG patients.  The time required for 
extubation after the stoppage of propofol infusion was increased for the on 
pump CABG group(334±117 vs 216±85 min) patients, as under CPB they 
had shorter biological and terminal elimination half-life values, whereas 
total plasma clearance was higher in on pump patients when compared to the 
off pump group. Thus they concluded that apart from the fact that sensitivity 
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of the brain is increased after CPB, central nervous system effects were 
attributed to the pharmacokinetic changes if propofol in CPB.  
 
In 2009,Agarwal, Puri, Mathew95 did a study on the closed-loop anaesthesia 
delivery system(CLADS) to regulate propofol infusion by BIS compared 
with manually controlled drug delivery during cardiac surgeries. 44 patients 
were selected who were supposed to undergo elective cardiac surgery under 
CPB. They were divided into 2 groups the CLADS group in which the 
propofol were titrated by the CLADS, while in the manual group the 
titration of propofol was done manually. The depth of anaesthesia was 
monitored by BIS and was supposed to be maintained at about 50. The 
results showed that the CLADS group required lesser amount of propofol 
which resulted in lesser lowering of BIS and MAP. In the CLADS group 
BIS was maintained at ±10 of the target for a longer time. The CLADS 
group had a better haemodynamic stability and the need for phenylephrine 
in the  preCPB period and also the total dose of phenylephrine were 
significantly higher in the manual group. Thus it was concluded that the 
delivery of propofol using CLADS was efficient, safe and showed a better 
performance than the manual administration during the cardiac surgeries.  
 
In 2011 Jasmina Smajic, Mirsad Praso, Mirsad Hodzic et al.96 did  a study to 
assess the depth of anaesthesia based on clinical parameters and BIS 
monitoring. Two groups of 30 patients each who underwent surgery under 
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G.A. were assessed for depth of anaesthesia. First group was assessed with 
PRST(pressure, rate, sweating, tears) score and second group with BIS 
along with PRST. PRST score was to be attained from 0-3 and BIS from 40 
– 60 for adequate anaesthesia . The first group showed 13% incidence of 
light anaesthesia at some point of time but the second group showed 
adequate anaesthesia at all times. Hence it was concluded that BIS 
monitoring along with clinical signs was better for keeping the adequate 
depth of anaesthesia. 
 
In 2013, Divya Amol Chandran, Srinivas Gadhinglajkar, Rupa Sreedhar et 
al.97 did a study on sevoflurane requirement to maintain BIS guided steady-
state level of anaesthesia during the rewarming time of CPB with moderate 
hypopthermia. 50 patients undergoing elective coronary artery bypass 
grafting under CPB were monitored with end tidal expiratory gas 
concentrations while trying to maintain the BIS value between 40-50 during 
the rewarming phase. Sevoflurane consumption increased with increase in 
temperatures. The difference in sevo requirement during 35oc and 29oc  were 
significant in the statistical analysis. The other parameters like fresh gas 
flow and pump flows were not significant to affect the end tidal sevoflurane 
levels in CPB after multivariate analysis. Hence it was concluded that the 
sevoflurane consumption was increased in the rewarming phase. 
In 2013, R.K. Verma, A.K. Paswan and S. Prakash98 did a study on sedation 
with Propofol during combined spinal epidural, comparison of dose 
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requirement of propofol with and without BIS monitoring. 40 patients 
undergoing gynecological surgeries lasting for about 1 hour were selected 
who were given combined spinal epidural anaesthesia. They were divided 
into 2 groups one group was sedated according to the BIS value to keep it 
between 40-60 and the other without BIS monitoring but both the groups got 
combined spinal epidural anaesthesia. The mean total dose of Propofol 
consumed in the group without BIS monitoring was 130mg±46.95 when 
compared to the group which used BIS monitoring had the Propofol 
consumption of 68.49mg±12.59. Hence it was concluded that use of BIS 
during Propofol infusion reduces the usage for sedation during regional 
anaesthesia.            
 
In 2014, Jennifer L Vance, Amy Shouk and Derek T Woodman99 did a study 
on intraoperative BIS monitoring and time to extubation after cardiac 
surgery. The study was done on 294 patients, it was a secondary analysis of 
a randomized controlled study. The patients were classified into 2 groups 
,the first group consisted of the patients anaesthetized using BIS and the 
second group consisted of the patients anaesthetized using the normal 
clinical way. It was concluded that the BIS monitoring din’t change the time 
of extubation but did change the intensive care unit stay  length i.e. the 
patients anaesthetized using BIS had a shorter length of stay in the ICU. 
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In 2014, Andrey Lenkin, Victor Zaharov, Parel Lenkin et al100. did a study 
on monitoring depth of anaesthesia during surgical correction of acquired 
valvular disorders. 50 patients were divided into 2 groups. In the CSI group 
Propofol infusion was titrated to keep the BIS value between 40-60. In the 
control group, the depth of anaesthesia was monitored clinically and 
Propofol dosage was decided by the anaesthetist. Consumption of 
anaesthetics and length of ICU and hospital stay were noted. In the CSI 
group the doses of Propofol and midazolam were reduced by 41% and 19% 
respectively. The ICU and hospital stay were reduced by 35% and 25% 
respectively in CSI group. Thus it was concluded that BIS monitoring 
helped in the reduction of Propofol and midazolam consumption which 
resulted in faster recovery and shorter ICU and hospital stay. 
 
In 2014, Elizabeth Whitlock, Brian Torres, Nan Lin et al101. did a study on 
postoperative delirium  in a sub-study of cardiothoracic surgical patients on 
the BAG RECALL clinical trial. Of the 310 patients who were assessed 149 
were under the BIS group and 161 under the end tidal anaesthetic 
concentration group and these guided the depth of anesthesia in the 2 
groups. Variables were assigned in order to know the risk factors for 
delirium. 19% in the BIS group and 28% in the end tidal anaesthetic 
concentration group developed postoperative delirium. Hence it was 
concluded that a larger study was needed to determine whether BIS or other 
methods were able enough to reduce the postoperative delirium. But it was 
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surprising to find that poor health patient showed more sensitiveness to the 
volatile anaesthetics and were more likely to develop postoperative delirium. 
 
In 2014, Lui, Guen, Boichut et al102. did a study to analyse that nitrous oxide 
does not produce a clinically important sparing effect during closed loop 
delivered Propofol-remifentanil anaesthesia guided by the BIS index. 302 
patients were randomized to the nitrous oxide group who inhaled 60% 
nitrous oxide during anaesthesia and the other group had 299 who inhaled 
AIR. The anaesthetic depth was evaluated by the BIS monitor and 
anaesthesia was maintained using Propofol and fentanyl. N2O slightly 
decreased the consumption of Propofol from 4.8mg/kg/hr in the AIR group 
to 4.5mg/kg/hr in the N2O group. There was no decrease in the consumption 
of remifentanil. Hence it was concluded that, with the closed loop delivery 
system titrated according to the BIS value it was found that N2O slightly 
reduced the Propofol consumption but did not reduce remifentanil 
consumption 
 
In 2014, Rainer, Wilgusen, Joana et al103. did a study on BIS guided titration 
of sevoflurane in on pump cardiac surgery reduces plasma sevoflurane 
concentration and vasopressor requirements. 60 patients who were supposed 
to undergo on pump cardiac surgeries were divided into 2 groups. In the first 
group the sedation was maintained with 1.8% sevoflurane and the other 
group sevoflurane concentration was titrated in order to maintain BIS 
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between 40-60. The sevoflurane plasma concentration (spc) was 42.3mcg/ml 
in the sevo 1.8% group and spc was 21 mcg/ml in the sevo bis group. Mean 
inspired sevo concentration was 57.1% reduced in the sevo bis group than 
the sevo 1.8% group. The mean cumulative dose of noradrenaline 
administered was 13.48mcg/kg in sevo 1.8% group when compared to 
4.06mcg/kg in sevo bis group. Hence it was concluded that BIS guided 
sevoflurane titration resulted in reduced spc and reduced noradrenaline 
usage when compared to routine on pump surgeries where clinical 
parameters were used. 
 
In 2014, David B Seder, John Dziodzio, Kahsi A Smith104 did a study to find 
the feasibility of BIS to guide early post resuscitative cardiac arrest triage. 
171 patients were studied retrospectively who were resuscitated from 
cardiac arrest and were assigned to the different groups according to the 
cause STEMI, VT/VF shock, VT/VF no shock, asystole and neurological 
dysfunction group. They were also classified according to the BIS score into 
>20, 10-20 and <10. It was found that after measuring BIS 267±177min 
after resuscitation and at 35oc±1.7, the patients who showed a BIS value of 
<10 had 82% neurological cause and 91% mortality, patient with BIS 10-20 
had 35% neurological cause and showed 55% mortality and BIS >20 had 
12% neurological cause and showed an overall mortality of 36%. In the 
other groups i.e. STEMI, VT/VF, VT/VF shock also showed the same 
results that the BIS >20 group had better survival rate. Hence it was 
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concluded that BIS is feasible on establishing neurocardiac triage and 
thereby will be able to find the patient who will benefit more by appropriate 
ICU care and this helps in careful utilization of the resources for the needed 
in a more apt way. 
 
In 2014, Liu, Asenzo, Lory et al105. did a study on feasibility of closed loop 
co-administration of Propofol and remifentanil studied by BIS in obese 
patients. 30 obese(BMI>35kg/m2) and 29 lean(BMI<25kg/m2) patients were 
selected who were supposed to undergo laproscopic procedures. The BIS 
was targeted to be kept between 40-60 by adjusting and regulating the 
Propofol and remifentanil administration. The doses of both the drugs were 
calculated using both total body weight (TBW) and ideal body 
weight(IBW). The amount of Propofol given during induction and 
maintenance was similar when calculated using total body weight. The 
remifentanil dose showed half as much to the obese patients during 
induction and maintenance when calculated using the total body weight 
(TBW). But it was almost similar when calculated using IBW. Hence it was 
concluded that Propofol is best dosed using TBW and remifetanil with IBW.   
 
In 2015, Sandeep Chauhan, Choudary Mindi et al.106 did a study on changes 
in Bispectral index and Near Infrared Spectroscopy (NIRS) during CPB in 
adult patients undergoing CABG. 40 patients who underwent CABG under 
CPB were studied at different stages of CPB using NIRS and BIS. In the 
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study BIS showed increased values at initiation of CPB due to drug dilution 
and lower values were shown during hypothermic state and increased values 
were shown during normothermic phase and during removal of aortic 
cannula which indicated increased chances of awareness. NIRS values were 
decreased from baseline during CPB initiation due to loss of pulsatile 
perfusion and haemodilution. NIRS values were increased in hypothermic 
state because of less oxygen uptake by the brain tissues. It was concluded 
that BIS values can indicate poor perfusion only but low NIRS value 
showed hypocarbia, hypoperfusion, low Hb. High NIRS value were showed 
in case of large old cerebral infarct. Hence the study recommended the use 
of both BIS and NIRS as neuromonitoring modalities to enhance patient 
safety.  
 
In 2016 Varun Ramamurthy, K.T. Ramdas, Harikrishnan107 did a study to 
find the relevance of BIS monitor usage and its effect on haemodynamic 
stability due to titration of anaesthetic drugs in patients undergoing CPB. 40 
patients divided into two groups of 20 each. First group where 
administration of Propofol and isoflurane were controlled using BIS and 
group 2 in which BIS values were blinded from the anaesthetist and both the 
drugs were given according to the anaesthetist discretion. It showed that the 
B.P. fluctuation in group 2 vs group 1 were 80% and 15% respectively 
where as the heart rate fluctuation was 10% in group 1 compared to 75% in 
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group 2. Thus it was concluded that BIS monitoing can help in maintaining 
better haemodynamic stability under CPB. 
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RESULTS 
Statistical analysis: The data was expressed in MEAN±SD. The data was 
analyzed by Statistical Package for Social Sciences (SPSS 16.0) version.  
Independent sample t test applied to find the statistical significant. P value 
less than 0.05 considered statistically significant at 95% confidence interval.   
Graph-1: Distribution of patients based on  age  
 
Graph-1: Maximum number of patients was in the age group between 41-
60 years. There fewer patients above 60 years. 
Graph-2: Distribution of patients based on the gender  
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Graph-2: In this study 54.09% was males and 45.91 were females.  
Table-1: Mean weight and E.F (%)  
Demographic data (MEAN±SEM)
Weight (kg) 54.34±1.00 
E.F (%) 53.36±0.83 
Table-1: In this study 54.34 kg was the mean weight and 53.36% was E.F 
for the patients. 
Table-2: Distribution of patients based on the surgery  
Type of surgery Number Percentage (%) 
CABG 40 65.57 
AVR+MVR 21 34.43 
Total 61 100.00 
Table-2 and Graph-3: Maximum number 40 of patients underwent  CABG 
surgery and 21 underwent AVR+MVR surgery.  
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Graph-3: Distribution of patients based on the surgery 
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Table-3: Comparison of mean heart rate at different time periods  
Time 
period 
Heart rate 
(MEAN±SEM) 
Tb 78.19±1.57 
Ti 74.27±1.43 
Tai 82.59±1.51 
Tsi 78.88±1.53 
Tst 77.93±1.47 
Tac 87.03±1.50 
Tnt 75.39±2.49 
T30 00.00±00.00 
T60 00.00±00.00 
T90 00.00±00.00 
Trw 00.00±00.00 
T37 84.49±1.94 
Tpcp 81.14±1.98 
Tstw 81.34±1.51 
Tsc 80.55±1.41 
Ticu 79.73±1.41 
Trecall 82.06±1.23 
Table-3: Heart rate was measured at different time periods. Maximum heart 
rate variability was found during the Tai and Tac. 
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Table-4: Comparison of mean arterial pressure at different time 
periods  
Time 
period 
Arterial pressure 
(MEAN±SEM) 
Tb 92.47±1.79 
Ti 86.36±1.54 
Tai 89.40±1.52 
Tsi 83.91±1.11 
Tst 79.91±0.71 
Tac 64.26±0.41 
Tnt 63.19±0.58 
T30 66.13±0.47 
T60 66.44±0.76 
T90 NA 
Trw 65.68±0.47 
T37 69.08±0.94 
Tpcp 71.62±0.89 
Tstw 75.77±0.89 
Tsc 77.95±1.10 
Ticu 80.03±1.11 
Trecall 82.88±1.10 
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Table-4: Map was observed at different time periods. The MAP increased 
during Tai and decreased during Tac. 
Table-5: Comparison of mean temperature at different time periods  
Time 
period 
Temperature 
(MEAN±SEM) 
Tb 36.77±0.01 
Ti 36.51±0.03 
Tai 36.21±0.03 
Tsi 35.86±0.04 
Tst 35.32±0.07 
Tac 34.97±0.06 
Tnt 34.30±0.14 
T30 31.08±0.23 
T60 31.02±0.23 
T90 32.00±0.00 
Trw 30.88±0.24 
T37 37.00±0.00 
Tpcp 36.71±0.01 
Tstw 36.60±0.04 
Tsc 36.60±0.03 
Ticu 36.62±0.04 
Trecall 36.78±0.05 
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Table-5: The hypothermia was usually attained during T30, T60 and Trw. 
Hence decreased temperature was found during these time periods. 
Table-6: Comparison of mean saturation at different time periods 
Time 
period 
Saturation 
(MEAN±SEM) 
Tb 97.72±0.19 
Ti 96.21±2.09 
Tai 99.22±0.07 
Tsi 99.34±0.09 
Tst 99.59±0.08 
Tac 99.11±0.11 
Tnt 99.31±0.09 
T30 99.37±0.07 
T60 99.32±0.08 
T90 100.00±00.00 
Trw 99.14±0.09 
T37 99.18±0.09 
Tpcp 99.34±0.09 
Tstw 99.39±0.08 
Tsc 99.21±0.07 
Ticu 99.19±0.09 
Trecall 98.67±0.11 
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Table-6: Saturation was maintained throughout the procedure within 
optimum limits in all the surgeries done.  
Table-7: Comparison of mean BIS value at different time periods 
Time 
period 
BIS value 
(MEAN±SEM) 
Tb 95.47±0.17 
Ti 81.45±0.41 
Tai 46.93±0.56 
Tsi 49.95±0.51 
Tst 49.49±0.59 
Tac 45.24±0.54 
Tnt 44.39±0.66 
T30 42.22±0.73 
T60 41.06±0.78 
T90 38.00±0.00 
Trw 41.68±0.78 
T37 57.03±0.51 
Tpcp 57.44±0.32 
Tstw 56.47±0.30 
Tsc 56.91±0.28 
Ticu 62.91±0.45 
Trecall 94.32±0.23 
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Table-7: BIS values were recorded at different times. Maximum BIS was 
found at Tb and minimum at T90. 
Table-8: Comparison of mean age between two different surgeries 
Type of surgery  Age (Years) 
(MEAN±SEM) 
p value  
CABG 49.37±2.14 0.04 
VR 40.00±2.94* 
(*p<0.05 significant compared CABG with VR) 
 
Graph-4: Comparison of mean age between two different surgeries 
 
 
Table-8 and Graph-4: CABG patients have high age than VR patients.  
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Table-9: Comparison of mean temperature between two different 
surgeries 
Time 
period 
CABG (MEAN±SEM) VR 
(MEAN±SEM) 
p value 
Tb 36.76±0.01 36.79±0.18  
Ti 36.52±0.04 36.51±0.04  
Tai 36.22±0.04 36.85±0.07  
Tsi 35.88±0.05 36.21±0.06  
Tst 35.33±0.07 35.85±0.07  
Tac 34.90±0.07 35.33±0.19  
Tnt 34.30±0.13 34.30±0.33  
T30 32.13±0.13 29.14±0.11* 0.03 
T60 32.00±00.00 29.12±0.36* 0.03 
T90 32.04±0.14 29.08±0.36* 0.03 
Trw 36.97±0.01 28.69±0.25* 0.04 
T37 37 37  
Tpcp 36.53±0.05 36.96±0.02  
Tstw 36.70±0.05 36.73±0.02  
Tsc 36.57±0.05 36.68±0.03  
Ticu 36.61±0.06 36.62±0.03  
Trecall 36.75±0.06 36.83±0.10  
(*p<0.05 significant compared CABG with VR) 
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Table-9: At T60, 90 and T37 there was a significant difference in 
Temperature for patients undergoing CABG and VR surgery. All other time 
periods showed no significant difference in Temperature. 
Table-10: Comparison of mean BIS value between two different 
surgeries 
Time 
period 
CABG (MEAN±SEM) VR 
(MEAN±SEM) 
p value 
Tb 95.40±0.21 95.70±0.30  
Ti 81.52±0.50 81.70±0.66  
Tai 46.92±0.75 47.00±0.82  
Tsi 50.25±0.68 49.45±0.72  
Tst 49.35±0.79 49.75±0.91  
Tac 45.72±0.76 44.35±0.59  
Tnt 44.97±0.93 43.30±0.74  
T30 43.62±1.01 39.60±0.62  
T60 42.72±1.06 37.90±0.68  
T90 38.00±0.00 NA  
Trw 43.45±1.04 38.35±0.70* 0.04 
T37 57.85±0.73 55.35±0.38  
Tpcp 57.40±0.45 57.50±0.40  
Tstw 56.17±0.42 56.90±0.33  
Tsc 56.75±0.38 57.40±0.35  
Ticu 61.55±0.51 65.90±0.42  
Trecall 94.00±0.30 95.00±0.34  
(*p<0.05 significant compared CABG with VR) 
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Table-10: Compared BIS values between the two different surgeries. Trw 
time period showed significant difference.  
Table-11: Comparison of changes in BIS and temperature at different 
time periods  
Time 
period 
BIS value 
(MEAN±SEM) 
Temperature 
(MEAN±SEM) 
Tb 95.47±0.17 36.77±0.01 
Ti 81.45±0.41 36.51±0.03 
Tai 46.93±0.56 36.21±0.03 
Tsi 49.95±0.51 35.86±0.04 
Tst 49.49±0.59 35.32±0.07 
Tac 45.24±0.54 34.97±0.06 
Tnt 44.39±0.66 34.30±0.14 
T30 42.22±0.73 31.08±0.23 
T60 41.06±0.78 31.02±0.23 
T90 38.00±0.00 32.00±0.00 
Trw 41.68±0.78 30.88±0.24 
T37 57.03±0.51 37.00±0.00 
Tpcp 57.44±0.32 36.71±0.01 
Tstw 56.47±0.30 36.60±0.04 
Tsc 56.91±0.28 36.60±0.03 
Ticu 62.91±0.45 36.62±0.04 
Trecall 94.32±0.23 36.78±0.05 
 
 
 
 
88 
 
Graph-5: Comparison of changes in BIS and temperature at different 
time periods 
 
 
Table-11 and Graph-5: Showed changes in BIS with Temperature. It was 
observed that BIS changes were there with change in the Temperature. It is 
showed that one degree change in the Temperature there was 1.48 unit 
change in the BIS. 
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Table-12: Comparison of changes in BIS and heart rate at different 
time periods  
Time 
period 
BIS value 
(MEAN±SEM) 
Heart rate 
(MEAN±SEM) 
Tb 95.47±0.17 78.19±1.57 
Ti 81.45±0.41 74.27±1.43 
Tai 46.93±0.56 82.59±1.51 
Tsi 49.95±0.51 78.88±1.53 
Tst 49.49±0.59 77.93±1.47 
Tac 45.24±0.54 87.03±1.50 
Tnt 44.39±0.66 75.39±2.49 
T30 42.22±0.73 00.00±00.00 
T60 41.06±0.78 00.00±00.00 
T90 38.00±0.00 00.00±00.00 
Trw 41.68±0.78 00.00±00.00 
T37 57.03±0.51 84.49±1.94 
Tpcp 57.44±0.32 81.14±1.98 
Tstw 56.47±0.30 81.34±1.51 
Tsc 56.91±0.28 80.55±1.41 
Ticu 62.91±0.45 79.73±1.41 
Trecall 94.32±0.23 82.06±1.23 
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Graph-6: Comparison of changes in BIS and heart rate at different time 
periods  
 
 
 
Table-12 and Graph-6: It was observed that there was no significant 
change in BIS in response to the change in heart rate .  
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Table-13: Comparison of changes in BIS and mean arterial pressure at 
different time periods  
Time 
period 
BIS value 
(MEAN±SEM) 
Arterial pressure 
(MEAN±SEM) 
Tb 95.47±0.17 92.47±1.79 
Ti 81.45±0.41 86.36±1.54 
Tai 46.93±0.56 89.40±1.52 
Tsi 49.95±0.51 83.91±1.11 
Tst 49.49±0.59 79.91±0.71 
Tac 45.24±0.54 64.26±0.41 
Tnt 44.39±0.66 63.19±0.58 
T30 42.22±0.73 66.13±0.47 
T60 41.06±0.78 66.44±0.76 
T90 38.00±0.00 NA 
Trw 41.68±0.78 65.68±0.47 
T37 57.03±0.51 69.08±0.94 
Tpcp 57.44±0.32 71.62±0.89 
Tstw 56.47±0.30 75.77±0.89 
Tsc 56.91±0.28 77.95±1.10 
Ticu 62.91±0.45 80.03±1.11 
Trecall 94.32±0.23 82.88±1.10 
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Graph-7: Comparison of changes in BIS and mean arterial pressure at 
different time periods 
 
Table-13 and Graph-7: Explains changes in BIS with MAP. There was no 
significant change in BIS with the variation in MAP.  
 
N.B. – Tb- baseline, Ti-before intubation, Tai- after intubation, Tsi- during 
skin incision, Tst- during sternotomy, Tac- during aortic cannulation, Tnt- at 
nadir temperature, T30- at 30 min of CPB, T60- at 60 min of CPB, T90- at 
90 min of CPB, Trw- at the start of rewarming, T37- when the temperature 
is 37oc, Tpcp- post CPB time, Tstw- post sterna wiring, Tsc- at skin closure, 
Ticu- at the time of shifting to icu, Trecall- during spontaneous response to 
call  
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 DISCUSSION 
As discussed early awareness during anaesthesia has become a major 
concern for the anaesthesiologists. One of the major risk factors for 
awareness was cardiac surgery itself. 
In my study the maximum patients were in the age group 40-60years and 
minimum in the age group above 60. The gender distribution had 54.09% of 
males and 45.91% of females. Out of the 61 cases who were supposed to 
undergo open heart surgery under CPB 40 were CABG surgeries and 21 
were valve replacement surgeries. 
During cardiac surgery there were incidences of  heart rate variability. As in 
other surgeries the heart rate increased during the intubation time and it was 
mainly attributed to the stress response due to intubation. The heart rate also 
increased during the aortic cannulation, this finding was also attributed to 
the stress response during aortic cannulation. The increase in heart rate with 
standard deviation was from 74.27±1.43 before intubation to 82.59±1.51 
after intubation(table 3). It was supported by the study done by Ledowski, 
Thomas MD et al, in which endocrine changes and heart rate variability 
during total intravenous anaesthesia and balanced anaesthesia were 
compared108. One of the findings in the study showed that the heart rate and 
the endocrine hormones were significantly increased during the intubation 
period. There was a significant increase in heart rate during aortic 
cannulation (table 3) and this was mainly due to the increased catecholamine 
release in relation to the stress response. It was supported by the study done 
94 
 
by JG Reves, R B Karp et al, in which they studied the changes in levels of 
epinephrine and norepinephrine during different steps of CPB109. 28 patients 
undergoing surgery under CPB were studied and it was found that there was 
an increase in heart rate and MAP due to the consequent increase in 
epinephrine and norepinephrine due to stress response from the time of 
aortic clamping and at different event of CPB. There was also an increase in 
MAP during the time of intubation when compared to that before the 
intubation. The MAP increased from 86.36±1.54 before intubation to 
90±1.52 after intubation(table 4). This increase was again attributed to the 
stress response during intubation. During aortic cannulation there was a 
decrease in the MAP. The MAP decreased from 79.91±0.71 to 64.26±0.41 
after the aortic cannulation. This was due to the effect of increased 
administration of anaesthetic drugs during this time and magnesium sulphate 
(MgSO4) was also given in order to reduce the MAP. It was found that there 
was no significant increase in BIS in relation to the haemodynamic reaction 
to the stress responses(table 16&17 and graph 6&7). It was supported by the 
previous study done by Kussman et al. in the study 19 infants who were 
supposed to undergo cardiac surgeries were monitored for BIS, Blood 
pressure (BP), heart rate (HR) and plasma epinephrine, norepinephrine, 
cortisol, ACTH, glucose, lactate and fentanyl were analysed 15 min 
postinduction, 15 min poststernotomy, 15 min on CPB during cooling and 
during skin closure82. No significant differences were observed in changes in 
BIS over time. A significant correlation was found 15 min postinduction 
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between BIS and BP, but not between BIS and HR. BIS did not correlate 
with BP or HR at any other time point. Hence they were unable to 
demonstrate a relationship between the BIS and haemodynamic, metabolic 
or hormonal indices of anaesthetic depth. 
 
It was found that temperature had a major influence in the variation of BIS 
values and it is clearly explained in the graph 5 about the relation between 
temperature and BIS. The BIS value becomes lower as the temperature is 
decreased and is increased as the temperature is increased during 
rewarming. There was a change of BIS of about 1.48 units with 1oc change 
in temperature. The BIS value reached the highest level during CPB at the 
time of rewarming and it was regarded the time at which the patient had 
maximum susceptibility to awareness (table 7). The hypothermia reduces the 
energy required both for maintenance of the intrinsic activities of the brain 
and also reduces the electrical activities. The low BIS values during 
hypothermia is attributed towards the depressant effect of increasing 
hypothermia on the cerebral metabolic rate for oxygen which is represented 
by the EEG as an isoelectric or burst suppression pattern dominated by 
isoelectric periods. It was supported by the study done by Joseph P. Mathew 
et al, who found that hypothermia decreases BIS by 1.12 units for every 
degree Celsius decrease in temperature, which is not dependent on predicted 
drug concentration, patient age and surgical time at any point of time72. 
Further the propofol biotransformation was reduced by hypothermia which 
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increased the effective propofol concentration. This was supported by the 
study done by Schmidlin et al who showed that the same BIS level was 
achieved by higher dose of propofol during normothermia and lower dose 
during hypothermia69. 
 
The BIS value during the on pump time was maximum during the 
rewarming time. The average BIS value at 37oc was 57.03±0.51(table 7). 
When comparing the BIS values of both the type of surgeries i.e. CABG and 
valve replacement ,the BIS value was reduced at all times in valve 
replacement surgeries during the on pump time and the difference was only 
significant at the time of start of rewarming, the BIS value for CABG was 
43.45 ± 1.04 and for valve replacement 38.35±0 .70 and the P value being 
0.04(table 14). It was mainly due to the fact that during CABG it was only 
mild hypothermia i.e. at a temperature between 32-34 oc which is attained 
during CPB, but during valve replacement it was moderate hypothermia i.e. 
at a temperature between 28 -300c which is attained during the CPB. The 
BIS value was less for valve replacement surgeries as the temperature to 
attain hypothermia was less. It was supported by the study done by Honan et 
al. in which they compared the effect of BIS between two different CPB 
temperatures i.e.mild hypothermic bypass (32-34 0c) and moderate 
hypothermic bypass (28-30 0c),in which the maintenance was done using 
enflurane and the BIS value was measured throughout the procedure89 . He 
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concluded  that at steady state of inspired enflurane moderate hypothermic 
CPB has low BIS value when compared to mild hypothermic CPB. 
 
At the end of the study the following points were inferred. The BIS value 
usually decreases with hypothermia and BIS was due to the effect of depth of 
hypnosis or an effect of cooling of brain and there by reduced electrical activity 
of  the brain. The highest BIS value was usually seen at the time of rewarming 
and it was mainly due to the effect of rise in temperature. It was found that in 
our study the BIS changed by 1.48 units with 1oc change in temperature.  When 
comparing the valve replacement surgeries with CABG surgeries it was 
observed that valve replacement surgeries had lower BIS value and it was 
attributed to the moderate hypothermia attained during the valve replacement 
surgeries. Finally none of the patient had any recall of intraoperative events 
when enquired using the modified BRICE questionnaire. At any point of time 
the BIS value didn’t show any signs of awareness throughout the surgery and 
thus it can be concluded that the method used for anaesthetizing the patient for 
cardiac surgeries in our institution was adequate in terms of the depth of 
anaesthesia which was assessed using BIS value. But this does not imply that 
the anaesthesia technique used in our surgery can not cause awareness. Because 
of its lower incidence and the inability to detect any explicit awareness during 
CPB, it would require a huge population study to establish its statistical 
significance. 
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CONCLUSION 
 
The following conclusions were drawn from the study: 
1. The patient in cardiopulmonary bypass had BIS value being reduced 
with  the  decrease  in  temperature.  The  decrease  in  BIS  value  is 
directly attributed to the  increased depth of hypnosis and also due 
to  the effect of brain cooling and  reduced electrical activity of  the 
brain due to hypothermia which reduces the BIS value. 
2. The highest BIS values were observed during the time of rewarming 
and this was the time when the patient is more prone to awareness 
and  hence  will  require  increased  anaesthetic  doses  during  this 
period. 
3. None of  the patients had  any  incidence of  recall of  intraoperative 
events when assessed with modified BRICE questionnaire. 
4. The anaesthetic    technique used  to anaesthetize  the patient  in our 
institution was adequate for maintaining the depth of anaesthesia. 
5. It was found that there will be a change of 1.48 units of BIS value for 
every 1oc change in temperature. 
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SUMMARY 
Awareness during anaesthesia has become one of the major problems 
bothering anaesthesiologists during the intraoperative period. Cardiac 
surgeries were one of the major risk factors for intraoperative awareness. 
The study was done in order to find the adequacy of anaesthesia and 
incidence of awareness during CABG and valve replacement surgeries done 
in our institution. Hence, after attaining the institution’s ethics committee 
clearance 61 patients who were supposed to undergo elective cardiac 
surgery were selected randomly by the aid of inclusion and exclusion 
criteria. Heart rate, MAP, Spo2, temperature, BIS value were recorded  at 
baseline, postinduction, skin incision , sternotomy, aortic cannulation, nadir 
temperature, every 30 mins in CPB, rewarming, immediate post-CPB , 
sternal wires , skin closure  and spontaneous movement during the surgery 
and in the ICU. In the postoperative period the incidence of intraoperative 
awareness were enquired with the help of modified BRICE questionnaire. It 
was found that the BIS value decreased with the decrease in temperature 
during CPB. The highest BIS value was observed during the rewarming 
time. There was no incidence of recall of intraoperative events by any of the 
patients. Hence it was concluded that the anaesthetic technique used in our 
institution was adequate in terms of maintaining adequate depth of 
anaesthesia.  
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Serial no/Reference no: 
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Contact number of the Participant: 
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guardian 
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Modified Brice Questionnaire 
Were you expecting to be completely asleep for this operation (please circle)? YES / 
NO 
1. What is the last thing you remember before going to sleep (please tick one box)? 
-Being in the pre-op area                    -Seeing the operating room  
-Being with family                             -Hearing voices  
-Feeling mask on face                        -Smell of gas  
-Burning or stinging in the IV line   
-Other [Please write below]: 
_____________________________________________________________________
_________ 
2. What is the first thing you remember after waking up (please tick one box)? 
-Hearing voices                       -Feeling breathing tube  
-Feeling mask on face             -Feeling pain  
-Seeing the operating room    -Being in the recovery room  
-Being with family                 -Being in ICU  
-Nothing                                 -Other [Please write below]: 
_____________________________________________________________________
________ 
3. Do you remember anything between going to sleep and waking up (please tick 
box)? 
-No  
-Yes: -Hearing voices    -Hearing events of the surgery  
 -Unable to move or breathe   -Anxiety/stress  
 -Feeling pain     -Sensation of breathing tube  
 -Feeling surgery without pain   -Other [Please write below] 
_____________________________________________________________________
_________ 
4. Did you dream during your procedure (please tick box)? 
-No  -Yes  
-What about [Please write below]: 
_____________________________________________________________________
_________ 
5. Were your dreams disturbing to you (please tick box)? 
-No  -Yes  
6. What was the worst thing about your operation (please tick box)? 
-Anxiety     -Pain  
-Recovery process    -Unable to carry out usual activities  
-Awareness    -Other [Please write below]: 
_____________________________________________________________________
_______
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Time   Pulse     
Rate 
    BP Temperature SpO2 BIS value 
Baseline      
Pre 
intubation  
     
Post 
intubation 
     
Skin 
incision 
     
Sternotomy      
Aortic 
cannulation 
     
Nadir temp      
1st 30min 
CPB 
     
2nd 30 min 
CPB 
     
3rd 30 min 
CPB 
     
4th 30 min 
CPB 
     
5th 30 min 
CPB 
     
6th 30 min 
CPB 
     
Starting of 
rewarming 
     
Rewarming 
to 370C 
     
Post CPB      
Post sternal 
wires 
     
Skin closure      
At ICU      
Spontaneous 
response to 
call 
     
 
